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PE®EPAT

Boinycknast kBanmudukanuoHHas pabora mo Teme «Pa3paboTka cucTembl
MoHuTOopuHra arperatoB HII3 mo mapamerpam BUOPOCKOPOCTH, BUOPOYCKOPEHHS U
BUOpoOIIEpEMEIEHUsD COACPKUT 124 cTpaHUIBI TEKCTOBOTO JOKYMEHTa, 34 pHUCYHKa,
12 Tabnui, 40 ucronb30BaHHBIX HCTOYHUKOB, 3 MPUIIOKEHUS.

MOHUTOPUHIT COCTOSHUA, HACOCHOE OBOPYJIOBAHMUE,
JIMATHOCTHUKA, BUBPOXAPAKTEPMCTUKHM, KOMIUIEKCHBI AHAJIN3,
OLEHKA HAJIEXKHOCTH, ITOKA3ATEJIb XKUBYUECTU.

OOBEKTOM HCCIICIOBAHUS MaruCTEPCKON NHUCCEPTAIUU SBIISIOTCS MAIIMHBI U
o0opynoBanue HedTenepepadaThIBAIOMIUX 3aBOJOB, HCIOJIb3YEMbIE B BaXKHBIX U
0C000 BaXXHBIX TEXHOJOTHYECKUX TMporeccax HedTenepepadoTKd, B YaCTHOCTH,
HacOCHOE 000pyI0BaHUE.

[IpeameTom uccnenoBaHus, B CBOIO OYEpENlb — CIIOCOOBI U 000pYAOBaHUE IS
MOHUTOPHUHTA U KOHTPOJISI COCTOSTHUSI TEXHOJIOTUYECKOT0 000PY/I0BaHNS .

Ienb pabOTHI:

- COBEPIICHCTBOBAHUE CHUCTEMbl HHTEJUIEKTYaJIbHOTO  MOHHUTOPHHTA |
KOHTPOJISI TEXHUYECKOTO COCTOSIHUSI PACHpe/IeNICHHBIX TEXHOJIOTMYECKUX OOBEKTOB
He(dTenepepabaThIBAIOIIUX ~ 3aBOJIOB HAa  OCHOBE  KOMIUIEKCHOTO  aHaju3a
BUOpOIOKa3aTeiaeil W MPOYMX  OKCIUTyaTallMOHHBIX U (DYHKIIMOHAJbHBIX
XapaKTEPUCTHK 000PYIOBAHUS.

3agauu paOoTHI:

- pacCMOTpeTh MENd W 3aJadyd JUATHOCTHUKM W MOHHTOPHHTA OITACHBIX
MIPOU3BOJICTBEHHBIX 00BEKTOB HEPTEXUMHIECKOTO KOMILICKCA;

- I3yYUTh OCHOBHBIC HOPMATHBHBIE M OTPACIEBBIE METOABI  OIECHKH
HAJSKHOCTH O0OOpYIOBaHUSA, a TaKXke MpoaHanu3upoBaTh BiusHue TO Ha
noJi/Iep>kKaHue HaJIe)KHOCTH 000pyA0BaHUS B TIPOLIECCE IKCILTyaTalluu;

- OCYIIIECTBHUTH BHIOOP U 0OOCHOBAHME BBIXOJIHOTO MapameTpa B OJI0Ke aHaIu3a
COCTOSIHUS 000PY/10BaHMUS;

- pa3paboTaTh CTPYKTYPHYIO CXEMY MpearaeMoro 0j0Ka aHajau3a W OMHCaTh
NPUHIUT QYHKIIMOHUPOBAHUS 0JI0Ka M CIOCO0 Ompe/ielIeHUs] BEIXOHOTO TTapameTpa,
MO3BOJISIONIETO OILEHWBAaTh MW IPOTHO3UPOBATh COCTOSIHME arperara Mexay
TEXHUYECKUMU OOCITYKUBAaHUSIMH, Ha TPUMEpPE OJHOW M3 HEUCIPABHOCTEH JUIs
KOHKPETHOTO BHJIa 000PYI0BaHUS.

AKTyaJIbHOCTh ~ pabOThl ~ 3aKJIOYAaeTCs B  BO3MOXKHOCTU  IOBBIIICHUS
HAJIE)KHOCTU 1 0€30MacHOCTH pabOThI arperatoB HedTenepepadaThIBAIOIIMX 3aBOJIOB,
COKpAIIICHUS 3aTpaT Ha TEXHUYECKOE OOCITY)KMBAaHWE W PEMOHT, MIPOJJICHUN OOIIEro
AKCIUTYaTaI[MOHHOTO pecypca 000pya0BaHusI.

Hayynas HOBM3HA MarucTepckoil auccepTallud 3aKjIodyaeTcs B pa3paboTke
O/loka aHajaM3a TMapamMeTpoB Il CHCTEMbl MOHUTOPWHIA, OOECIECYHBAIOIIETO
OTIpEJICICHUE TIOKA3aTeNsl («KUBYYECTH» OOOpPYIOBaHMS, OTIUYAIONIETOCS OT
W3BECTHBIX OIICHOK HAJEKHOCTH arperartoB y4eTOM BIUSHUS CYMMAapHBIX
OTKJIOHEHUW TUAarHOCTUYECKHUX MMapaMeTPOB OT MPEETbHBIX UM IEJICBBIX 3HAUCHUIA,



HAKaIJIMBAIOIIMX BEPOATHOCTh BO3HUKHOBEHHUSI HEUCIPABHOCTEH, a TaKXKe
MOBBIIIIEHHON POOACTHOCTHIO.

JIns BBIMOJIHEHUS! BBITYCKHOM KBaJU(DUKAIIMOHHOM PabOThl HCIIOJIB30BAJICS
TeKCTOBBINM pemakTop Microsoft Word, Tabnunbl ¥ BbIUKCICHUS IS OIPEICICHHS
moKa3aTessl «KHBy4YeCcTH» BhIMoOiHsIMCh, B Microsoft Excel. IlporHo3upoBanue u

CTJIAKMBAHKE BBIXOJHOTO MapameTpa MojeaupoBaiuchk B nporpammax STATISTICA
u MathCAD.
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BBEJAEHUE

KpynnomaciiraOHble pacnpe/iesieHHbIe TEXHOJIOTHYECKUE 0OBEKThI COCTOAT U3
AJIEMEHTOB TEXHOJIOTUYECKOTO 000pYyI0BaHUS, OObEIUHEHHBIX B TEXHOJIOTMUYECKUE
KOMILJIEKCHI.

[IpumepoM  pacnpeleIEHHOTO  TEXHOJIOTMYECKOr0  OOBEeKTa  SIBJISETCS
uHPpaCTPyKTypa COBPEMEHHOT0O HedTenepepadbaThIBAIOIETO 3aBOJa, KOTOPBIHA
(GYHKIMOHUPYET HA KPYIMHOU TEPPUTOPUHM U COCTOUT U3 HECKOJBKHUX THICSY EIUHUIL
O00OpyIOBaHUS W PAa3IMYHBIX TEXHOJOTHYECKHX KOMIUJIEKCOB, OOCIYKMBAIOIINX
MPOIIECCHI NepepaboTKu HePTH U HEPTEMPOIYKTOB U UX MOJTOTOBKU K JadbHEUIICH
TPAHCTIOPTUPOBKE MOTPEOUTEISIM.

COoil onHOW eauHUIBI O00O0pPYIOBaHHUS MOXKET IMOBJI€Yb pa3pyLICHHE
perilaMeHTa BCEro Ipolecca MW IepexoJa MHOXKECTBA CBSI3aHHBIX €IMHMIL
o0opynoBaHusl B npeaaBapuiiHoe coctosinue. [IpoOnema HaXOAUT CBOE pelIeHHE B
CKBO3HOM  MOHHMTOPHMHIE, YYHUTBIBAIOIIEM BCIO CTPYKTYpYy KOMIUIEKCA H
B3aMMO3aBHCHUMOCTH IIPOLIECCOB.

OTCyTCTBHE CHCTEMBI, BKJIIOYAIONIEH CKBO3HOM MOHHUTOPHUHT, YBEIHMYHUBAET
HKOHOMUYECKUE PUCKHU MPEANPUATHS, a TaKKE€ PUCKU HapylIeHUs 0€30IacHOCTH, B
TOM YHUCJIE€ 3KOJOTMYECKOW M JHEpreTuyeckor. Ee Hamnunme, B CBOKO Ouepelb,
MO3BOJISIET  JOMOJHHUTEIbHO aBTOMATU3UPOBATh  OCYIIECTBISIEMbIE  IPOLIECCHI,
IPOBOJUTH CBOEBPEMEHHBII KOHTPOJIb Ha/l U3BMEHEHHEM padourX MoKa3aTesne.

Buenpenue cucTeMbl MOHHMTOPHHIA COCTOSIHUSI OOBEKTOB IPOU3BOJACTBA
MO3BOJIUT JOCTUYh MAKCUMAJIBHON MPOU3BOAUTENHHOCTH Ojaroaps oecrnepeOoitHoM
pabore.

Takke, Ha TEKylIeM 3Tare pa3BUTHUs HE(PTEra30BOro MPOU3BOACTBA OCHOBHBIE
WHHOBAIMM B HedTenepepadOTKe CBS3aHBI C Pa3BUTHEM IU(MPOBBIX TEXHOJOTHMH,
oOecrieunBaOmMX  Oonee  BBICOKYIO  3(PGEKTHBHOCTH W 0€30MacHOCTH
MPOU3BOJICTBEHHBIX IMpoIleccOB. B ToO e BpeMs oOUMi TEXHOJIOTMYECKUI YpOBEHb
poccuiickux HedTenepepadbaThIBalOIIMX 3aBOJOB B CpeAHEM HUXke Muposoro. U

HMCHHO HCIIOJIb30BAHHUC COBPEMCHHBLIX HWHTCIUICKTYAJIbHBIX CHCTEM MOHHTOpPHUHIA
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COCTOSIHMSI TE€XHOJOTHUYECKHX OOBEKTOB SIBISETCS OAHOM M3 KIIIOUYEBBIX 3a7a4 B
OCYULIECTBICHUM KOHUENUUU «IU(POBOro 3aBOJa», Ha KOTOPYI OPUEHTHUpPYETCS
nojasJsironiee OONBIIMHCTBO MUPOBBIX HedTenepepadbaThiBAOIIUX MPEANPUATUN.

Lenpto  maHHOW  pabOTBHl  SBISIETCS  COBEPIICHCTBOBAHUE  CHUCTEMBI
WHTEJUIEKTYaJJbHOTO ~ MOHUTOPMHTA M KOHTPOJS  TEXHUYECKOTO  COCTOSHHUS
pacrpeiefIieHHbIX TEXHOJIOTMUECKUX O0BEKTOB HedTernepepadaThIBaAIOMIUX 3aBOJIOB
Ha OCHOBE KOMILJIEKCHOTI'O aHAJIM3a BUOPOIIOKA3aTeNel U IPOYMX SKCIUTYyaTallMOHHBIX
U (YHKIMOHAJIBHBIX XapaKTEPUCTUK 000pYAOBaHUSI.

JUIsi  TOCTYOKEHMsI TIOCTABJICHHOW IIeNTM HEOOXOIWMO PEeUIUTh CIICTYIOIIHNE
3aJlayu:

- paccMOTpeTh LEeNM W 3aJa4ydl JAUArHOCTUKA W MOHUTOPHHIA OMAaCHBIX
IIPOU3BOICTBEHHBIX O0BEKTOB HEPTEXUMHUYECKOTO KOMILIEKCA;

- N3yYUTh OCHOBHBIE HOPMATHBHBIE M OTPACIEBBIE METOABI OLEHKH
Ha/Ie’)KHOCTU 000PYAOBAHUS;

- IPOAHAIU3UPOBATH BIMSIHUE TEXHUYECKOTO OOCITYKUBAaHUS HA MOJJEp KaHHUE
Ha/Ie’)KHOCTU 000PYAOBaHHUS B MIPOLIECCE IKCILTyaTallUN;

- OIIPEIENIUTh  YYBCTBUTEJIBHOCTh  BHOpOIApaMETpoOB, KOTOpbIE  OyayT
UCIIOJIb30BaThCS B IporpaMMe /st 6JI0Ka aHallu3a COCTOSTHUSL 000pY10BaHUS;

- OCYIIIECTBHUTH BHIOOP U 0OOCHOBAHME BBIXOJIHOTO MapamMeTpa B OJI0Ke aHaIu3a
COCTOSIHUSA 000PYI0BaHUS;

- pa3zpaboTaTh CTPYKTYPHYIO CXEMY MpeiaraeMoro 0JI0Kka aHaJIn3a;

- ONUCaTh NPUHIUI (PYHKIMOHUPOBAHMS OJIoOka M Crocold omnpeseacHus
BBIXOJTHOTO MapaMeTpa, MO3BOJISIIONIEr0 OLIEHUBATh M MPOTHO3MPOBATH COCTOSIHUE
arperata MeXIy TEXHMUYECKHMMH OOCIy)KHBaHUAMH, Ha TPUMEpPE OJHOU U3
HEUCITPaBHOCTEH /111 KOHKPETHOTO B2 000PYI0BaHUS.

Hayuynass HOBM3Ha MarucTepcKoil AMCCepTallUM 3aKiI4aeTcs B pa3paboTke
OJloKa aHajau3a MapaMeTpoB JJisi CHCTEMbl MOHHUTOPHHIA, OO0ECIEeYMBaIOIIETO
ONpEJeIeHHe TIOKa3aTeNsi <« KUBYYECTH» OOOpYIOBAaHMS, OTIMYAIOUIETOCSd OT
U3BECTHBIX OILIEHOK HAJIEKHOCTU arperaToB ydyeTOM BIUSHHUS CYMMapHbBIX

OTKJIOHCHUM AUArHOCTHYCCKHX MapaMCTPOB OT MPCACIIbHBIX WJIW HCJICBBIX 3HaIICHI/II‘/’I,
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HAKAIUTMBAIONIMX  BEPOSTHOCTh BO3HUKHOBEHHMS HEUCIPABHOCTEH, a TaKxke
MOBBIIICHHON pOOACTHOCTHIO.

OOBEKTOM HCCIIEIOBAaHUS MaruCTepCKOM IHCCEpTalny SBISIOTCS MAIIUHBI U
o0opynoBanue HedTenepepadaThIBAIOMIUX 3aBOJOB, HCIOJIb3YEMbIE B BaXKHBIX U
0c000 BaXHBIX TEXHOJOTHMUECKHUX Tporieccax HedrenepepadboTku. IIpeamerom
UCCIICJIOBaHMsI, B CBOIO O4YEpeAb — paclpeleiiCHHbIE CHCTEMbl MOHUTOPHHTA H
KOHTPOJISI TEXHOJIOTHYECKOT0 000pyA0BaHUS.

[IpakThdeckass 3HaYUMOCTh JTaHHOW pPAaOOTHI 3aKITIOYACTCS B PACIIUPECHUU
007acTH CTAaTUCTUYECKUX PpEHICHHM 10 OILIEHKE HAJACKHOCTH O0OpYyIOBaHUS
He(TEra30BbIX MMPOU3BOICTB.

Pe3ynbrathl  AMCCEPTAIIMOHHOTO HWCCIEAOBAaHUS OBLTM  OOCYXKICHBI Ha
MeXTyHapoaHO#H koH(pepenmmu «Computational Methods in Systems and Software
2020», 14-17 oxtabps 2020 r., Yexus. [lo pedynbraram yuactus B KoH(pepeHuu 16
nekabps 2020 roma Obuta omyOnmkoBaHa craThs «Research of Data Analysis

Techniques for Vibration Monitoring of Technological Equipmenty.



1 MoHuTOpHHT arperatoB HedrenepepadarbIBalOIINX 32B0I0B

1.1 Ieau u 321244 TeXHUYECKOH JUATHOCTUKUA U MOHHUTOPUHTA 00bEeKTOB

He(l)TeXl/IMI/l‘leCKOI‘O KOMILJIEKCA

OnHMM M3 KIIIOYEBBIX JJIEMEHTOB OOECIEUEHUs HaAEeKHOM M Oe3omacHOu
AKCILTYaTAlMK OMACHBIX MPOU3BOJICTBEHHBIX U KPUTHUECKH BaKHBIX 00BeKkTOB (OI1O
u KBO) HedrexumMuueckoro KOMIUIEKCA SBJSIFOTCS CHCTEMBl IITaTHOTO M
aBapuitHOTO nauarHoctupoBanus [1]. X co3gaHne OCHOBBIBAETCS Ha MCCIEIOBAHHUU
BEPOSITHOCTE BO3HMKHOBEHUS NpPENaBapUMHBIX, aBAPUUHBIX U KaTaCTPOPUUECKUX
CHTyalliii B CIIOXKHBIX TeXHHYeCKHX cucteMax [2]. Croma OTHOCSTCS OIHMCaHUE
BPEMEHHOW KMHETUKH U JUHAMUKHU ONPEACIISIOIUX ITporieccoB nospexacHus KBO B
LITAaTHBIX M ABAPUMHBIX CUTYalMIX, BEAYIIUX K MOCTPOCHUIO IIPOTHO30B U3MEHEHMS
COCTOSIHAM CJIOKHBIX TEXHUYECKUX cUCTeM. CyIeCTBEHHBIM IIOJOKEHUEM TaKOIo
aHanu3a SBJIAETCS TOCTYJaT O BO3HUKHOBEHHMM M PAa3BUTUU MEXaHUYECKHX
HNOBPEXACHUNA B HECYIIMX DJIEMEHTaX, KOTOpbIE 3aKaHUMBAIOTCS UX IOJIHBIM JIHOO
YaCTUYHBIM pazpymeHueM. [Ipouecchl pa3pyiieHus npu BO3AEHCTBUN MOPAKAIOIINUX
(GakTOpOB MMEIOT MECTO B OOJIBIIMHCTBE TEXHOI'CHHBIX MPOUCIIECTBHIA — B3pbIBaX,
nokapax u T.I. [2]

B KkpuTHuYecKM BaXXHBIX OOBEKTaX aKThl HAKOIUIEHUS W  Pa3BUTHUSA
MEXaHUYECKUX TOBPEXKIECHUH U pa3pylleHUM, YCyryONsIoluXcs BIUSHHEM
OKpyXarole cpeasl (M3HOC, KOppO3Us, KaBUTALMA), HYXAAIOTCS B MPSIMOM
KOJINYECTBEHHOM aHaJIN3¢ TP OIIEHKE BEPOSITHOCTEH BO3HUKHOBEHUS KaTacTpod [1].
OHM ke ONpeAeNsAoT BO3MOXKHBIE YIIEpObI.

st obecnieuenuss OezomacHocTH 1) KBO mo xputepusim puckoB R(1)
JIOJKHO OCYIIECTBIISATHCS TEXHUUECKOE TUArHOCTUPOBAHUE COCTOSHUSA S(T):

- camux KBO (B nepByto ouepe/ib, KpUTHUYECKUX AJIEMEHTOB);

- CUCTEM JIMarHOCTHKH, UCTIOIB3yeMBbIX JIJIs olleHKH coctosiHust KBO [3].

HccnenoBanue mo60ro 00beKTa JUarHOCTUPOBAHUS ¢ TIO3UIIMK 0€30IMacCHOCTH

BKJIIOYACT TPH aCIICKTa:



- TEXHOJIOTUYECKHUM TTPOLIECC;

- COBOKYITHOCTbh KOHCTPYKIIHI1, 000pY10BaHUs, 3laHU, COOPYKEHHIA;

- 00BEKT JIMarHOCTHKM KakK 4YacThb CJOXXHOM  COLMaIbHO-TPUPOIHO-
TEXHOTC€HHON CHCTEMbI (BKJIOYas YeNOBEKa, OOBEKThI TEXHOC(EpPHI, MPUPOIHYIO
cpeny).

Jlnarnoctuka 0ObEKTOB OCYIIECTBIISIETCS HA YETHIPEX OCHOBHBIX ATarax:

1) HoOpMaJTbHAs SKCILTyaTaIIHs;

2) HayalIbHAas CTaMsI Pa3BUTHSI aBAPHH;

3) pazButTue aBapum;

4) joKanu3aluy ¥ JIMKBUIAINWN aBapuH [5].

OCHOBHO 1LEJIBI0 JAMAarHOCTUKM M MOHUTOPHHIAa KPUTHYECKH Ba)KHBIX
OOBEKTOB HE(PTEXMMHUYECKOIO0 IMPOU3BOJACTBA SBJISETCS MOBBILIEHUE pecypca,
HAJIe)KHOCTH,  KUBYYECTH  OOOpYyAOBaHHWS,  arperaroB,  IpPOLECCOB  JUIf
IIPENOTBPAILCHUS aBapUUHBIX CUTYyalluil, HEPEAKO CONPOBOXKAAIOUINXCS KEPTBAMU U
yIepOoM JJIsl OKpysKarolel cpes [4].

TexHuyeckue cpencrtBa AUAarHOCTUKA D KpUTHMYECKM BaKHBIX OOBEKTOB
HEe(PTEXUMUYECKHUX MTPOU3BOACTB MO XapaKTepy MCIOIb30BAHMS MOKHO Pa3JeinTh Ha
nBa kiacca [3]:

- ONIEpPaTUBHBIE CPEICTBA aBAPUNHBIX CUTYyaIUil Dyg;

- CpeACTBa JUArHOCTUKM IITaTHBIX cUTyauuid Dg, wHcnonas3yeMble mpH
W3FOTOBJIICHUM W 3KCIUTyaTallMd, a TakKe€ TEXHHYECKHX OCMOTpax, PEMOHTax,
Pa3JIMYHOTO POJA UCTIBITAHUAX U T.J. OnepaTuBHBIE CPEACTBA IITATHONW U aBaApUHMHON
nuarHoctuku kak KBO, Tak 1 caMux cucTeM TUarHOCTUPOBAHUSA, BXOJAT B CUCTEMBbI

KOMILJIEKCHON JTUAarHOCTUKU
D= FD{DaS,DSS}. (1.1)

OcHoBHast 3aJaya CHUCTEMbl aBapUWHOMW  JUArHOCTUKA  COCTOMT B

peaocTaBieHuy nHpopMaIuu o GakTUuyeckoM (TI0 BPEMEHH T) COCTOSTHUU OOBEKTa
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U ypoBHE BozxelicTBus nHunmupytonmx I1,(t) u mopaxkarommx dakropos I1,(t) Ha
nepconai, Hacenenue (N), Ha cam 00bekT (T) U OKpyKalolIyI0 MPUPOJHYIO CPEely
(S), xotopas TpedyeTcst A TouHOU orieHkH YC v MPUHATHS MEp 10 €€ JIMKBUIAIINH

TIPY IOMOIIU CHCTEM, BXOISIIMX B KOMILIEKC 3aIMTHI OOBEKTa
D(t) = Fo {W(1), E(x),! (1)} P(x) = Fp{N(1).T(x),S(x)}, (1.2)

rne W — onacHbIe BEIIeCTBa,
E — sneprus;
| — uapopmanus [2].

HI/IaF HOCTHYCCKHUC KOMIUICKCEI BXOIAT B CHCTCMY 3alllUTHI 00BeKTa ZK(T),

KOTOpasi MOXKET OBbITh (DYHKIIMOHAJIBLHOM (F), JKECTKOU (T), €CTECTBEHHOM (N),

OXpaHHOM (S) 1 KOMOMHUPOBAHHOMN (C) [3]. CrucTema MHAarHOCTUKH TakK e MMEET

AIIEMEHTBI CAMO3AIUTHI, PEATH3YIOIINE €€ CTPYKTYPHYIO YCTOMYHUBOCTh

ZK(T)Z FZ{IE(T),C_Z(I)S(T),T(I),N(r)}. (1.3)

JIMarHoCTUYECKUI KOMILJIEKC, KaK MPABUJIO, PEIIACT CICIYIONIUE 3a0auu:

- obecrieueHre HeMpephIBHOTO cbopa HH(OpMAIMM C KOHTPOJIUPYEMOTO
oObekTa 11 (POPMHUPOBAHUS MEp IO TMPEAOTBPAICHUIO aBapUHHON CHUTyalnd, a
TaKXKe IO €€ JIOKAJTU3AINH B CJIy4ae BOSHUKHOBEHHS,

- o0ecrieueHue noiepKanus CTabUIBHOTO COCTOSTHUSI 00BbEKTA;

- IOMOIIIh B CHW)KCHUHM TIOCIEACTBUUA TIpM HAPYIICHUH HOPMAJILHOM
HKCIUTyaTallii 00bEKTa, aBapUITHON CUTYyalluu U aBapuu;

- obecrieyeHne ONepaTUBHOTO OMOBEIICHHUS TTepcoHana u Hacenenus o UC;

- OKa3aHUE MTOMOIIHN MePCOHATY 00BEKTa B CITydae BOZHUKHOBCHHS CIIOKHBIX H

HECTaHAAPTHBIX CUTYyaIHi [5].



Opranuszanus auaroctudeckoro obecrneuenuss KBO npu ux mu3rorosieHuu u
IKCIUTyaTallil COCTABISIET OCHOBY JHMArHOCTUYECKOTO acriekta HajekHoctu [4]. K
3aladaM  TEeXHWYECKOH  JIMarHOCTUKHM  OTHOCSTCS  MPOBEpKAa  HCIPAaBHOCTH,
paboTOCIOCOOHOCTH, MPAaBUIBLHOCTH (PYHKIMOHUPOBAHUS M TMOHUCKA J1e(heKTOB
00BEKTOB B MPOIECCE MPOU3BOACTBA (COOPKH, MPUPAOOTKH) U SKCILTyaTaIl1H.

KJIaCCI/I(l)I/IKaHI/IH MCTOAOB TCXHHUYCCKOIO AHMArHOCTUPOBAHHA II0KA3dHA Ha

pucyske 1.1.
TexHudeckoe
AMArHOCTUPOBaHWE
B apapuiHOR CHTYaLNK B npouecce akcnnyarawum B Hepabodem coCTOAHMH
[uarHocTipoBaHne DY HLMOHANBHOE TecToRoe DUINNECKIE
napameTpoB MeToas
ABAPUAHON CHTYaLMM | ANARLLTNRUERHN ANSrHOCTHPOBAHWE [MArHOCTUPOBAHUR

Pucynok 1.1 — MeToibl TEXHUYECKOIO JUarHOCTUPOBAHUS

CymiecTByeTr TpW THIIA 3a7ad  ONpPEICTCHUS TEXHUYECKOTO COCTOSHHUS
00BEKTOB.

- | Tun — 3amauu onpeaeneHus: HaKTUUECKOTO COCTOSTHUS 00BEKTA;

- || T — 3agaum mpeacKka3zaHus TEXHUYECKOTO COCTOSIHUS 00BhEKTa, B KOTOPOM
TOT OKaXXeTcsl B OyayIeM;

- [l Tun — 3amaun onpeneneHus TEXHUUYECKOTO COCTOSIHUS, B KOTOPOM OOBEKT
HaxoaujIcs B mporiom [1].

DOxoHoMuueckass 3()PEKTUBHOCTH OT MEPONPHUATHN TIO JUATHOCTHUYECKOMY
OOCITY)KMBaHUIO OOBEKTOB 3a CYET COKpAIleHWS 4YWcia aBapuii W 3aTrpaT Ha
BOCCTAaHOBHUTEIbHBI PEMOHT JOCTHUTACT, MO OIlEHKaM JKCIIEPTOB, YETBEPTOM YacCTH

CTOMMOCTH JTUarHOCTUPYEMOTO 000pyA0BaHus 00beKkTa [6].
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KoHnentparus 60bIInx U omacHbIX 00beMoB 2Hepruu (E), ormacHbIX BemecTn
(W) 1 o6bemoB mHGOpMaryH (1) TPUBOIUT NP MX HECAHKIIMOHUPOBAHHOM BBIOpPOCE
K KOJIOCCAJIBHBIM TOCJIEJICTBUAM — COLIMAIIbHBIM, SKOHOMUYECKUM U 3KOJOTUYECKUM
HenpueMJIeMbIM yiep6am [5]. [ToaTtomy 3amada co3aHust U pa3BUTHS KOMIUICKCHBIX
CUCTEM TEXHUYECKOW AMArHoCTUKH, BXoAsaumx B cuctembl 3amutbl OIIO u KBO
HEe(PTEXUMUYECKOTO KOMIUIEKCa, SIBJISICTCS OJHOM W3 BaKHEMIIMX 3a/iay, KOoTopas
JOJDKHA ~ PEeIIaThCsl MOCTOSHHO, €  HCMOJB30BAHUEM  TMOSBISIONMIMXCS — HOBBIX
(bU3NMYECKUX METOJIOB JIMarHOCTUKU COCTOSIHUSI OOBEKTOB, HAYYHO-METOJAUYECKUX U
anmapaTypHbBIX pEIICHUH B JaHHOM 00JIacTH, C yYeTOM pa3BUBAeMOW HAy4YHO-
METOINUECKON 0a3bl oOecreueHuss 0€30IIaCHOCTH MMOTEHIIMATIBHO OMACHBIX OOBEKTOB

Y TEOPHUH PUCKA

R=Fx{Re.Ry.R . (14)

B IIEU'II)HCI?IIHGM npeajaracrcsa pacCMarpuBaTb MOHUTOPHHI' U AUAIHOCTHUKY

00opyaoBaHus HEPTEXUMUYECKUX POU3BOJICTB HAa IPUMEPE HACOCHBIX arperaTos.

1.2 IlpumeHeHnue HACOCHOTO o0opyaoBaHusi B npoueccax

HedTenepepadaTbIBalOUIUX 32BOI0B

HedrenepepabarbiBatomuii  3aBoJA — 3TO MPOMBIIUIEHHOE MPEANPUSTHUE,
3aaueil (QyHKIIMOHUPOBAHUSI KOTOPOTO SBISETCA TepepadoTka HepTH B OEH3UH,
aBUALIMOHHBIN KEPOCHH, Ma3yT, IHU3EJIbHOE TOIUIMBO, CMAa304HbIE Macila, CMa3KH,
OUTYMBI, HE(TIHON KOKC, CBIPBE I HePTeXUMUH [ 7].

[TpousBoacTBeHHBIH 1K HedTenepepadaThIBAIOLIETO 3aBOJia COCTOUT U3
MOJITOTOBKU CBIPBS, MEPBUYHON TMEPEroHKH HE(TH M BTOPUYHOU mepepaboTKu
HEe(PTAHBIX (PpaKIMil: KATATUTHYECKOTO KPEKWHIa, KaTaJUTUYECKOTro pudopmuHra,
KOKCOBaHUS, BHUCOpPEKMHIa, THAPOKPEKUHIa, TUAPOOYUCTKM U  CMEIICHUs

KOMITOHEHTOB TOTOBBIX He(DTEenpoayKTOB [7].
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B npomecce  mepepaboTkum  HEPTH  OCYIIECTBISAIOTCS  Pa3iIHYHbIC
TEeXHOJOTHUecKue omnepauuu. s 3TuX paboT HCHOIB3YIOTCS ACCATKH Pa3TuYHbBIX
TUIIOB HACOCOB. YUUThIBas, 4yTo npumepHo 90 % mnotpebiasiemoil 0bopynoBaHuEM
HII3 »mekTposHeprum NOpHUXOAMTCS HAa HACOCHOE O0O0OpYJIOBaHUE, NPABUIIBHBIN
noadop HacocoB sl 3G(EKTUBHON, PKOHOMHUYHOM W HAJEKHOM HKCIUTyaTalluu
CTaHOBHUTCS OYCHb aKTyaJIbHBIM BOTIPOCOM [8].

[lepexaunBanue HE()TH B OCHOBHOM OCYIIECTBISICTCS INOO BUHTOBBIMHU, JINOO
LEHTPOOEKHBIMH Hacocamu [9)].

BuHTOBBIE HACOCHBIE YCTAHOBKH MOTYT paboTaTh B 00OJiee CYpOBBIX yCIOBHSIX
¥ CIOCOOHBI TTepeKaYNBaTh 3arPSI3HEHHBIC KUAKOCTH U BRICOKOTUIOTHBIE BEIIECTBA.

[ITHekoBBIi HacoC A1 He(PTHU TaKKe OTIMYAETCS TEM, YTO MOKET MPUMEHSITHCS
JUJISL pa3Tpy3Ku €MKOCTEN M IUCTEPH (C TOIUIMBOM, KHUCJIOTAMHM), YETO LIEHTPOOESKHBIE
HACOCHI c/ieaTh He MoryT [9)].

OpnHako y 1HEHTpOOEKHBIX HACOCOB JJIsl MepeKauku HedTu ecTh cBOs cepa
UCTIONB30BaHus. VX UCTIONB3YIOT TaM, Tie TiepeKaurnBaeMas Cpefia yKe OYHIIeHa OT
npuMece (Hampumep, B MaruCcTpalibHBIX y3i1ax HedrenpoBooB) [9)].

[ToaToMy, Hambojee pacnpOCTPAHEHHBIM THUIIOM SBISIOTCS LIEHTPOOEKHBIE
HACOCHI, HO 3a CYET CBOMX TEXHMYECKUX KauecTB nmpumeHenue Ha HII3 HaxomsT u
POTOpHBIE HACOCHI.

Oco0EeHHOCTH POTOPHBIX HACOCOB, BaXKHBIE /1JIs TEPEKaYKH HEPTENPOAYKTOB:

- YBEpEHHOE BCAChIBaHUE M MPOKAUYKa I'yCTHIX BellecTB (yaenbHbIi Bec 10 1600
/M) 1o TpyGomposoam [8];

- HaIIOpHOE JaBjicHUE He HIke 6-8 bap;

- I03UpyoIIasl CIOCOOHOCTh POTOPHOTO Hacoca (BO3MOXKHOCTh TOZCYETa
TOYHOTO KOJIMYECTBA MepeKauYrMBacMoro BemiecTsa) [8];

- KOMITAKTHBIE pa3Mephl M BEC HACOCOB, HAMpUMeEp, JUIsi MOHTaXa Ha
aBTonucTepHax.[§]

Hedtsanbie HacocHble arperaTbl NPUMEHSIOTCSA, B TMEPBYI0 oOdYepeab, B
HeTexuMUYeckux M HedTenepepadaThIBAIOMIMX MPOU3BOACTBaX. [lomumo 3TOTO,

HAcoChl JAHHOTO Tuna paboTaldT M B JPYrMX O0JIaCTAX, TAE OCYIIECTBISAETCS
12



IpOoIECC MepeKayku He(YTH U HEPTETPOTYKTOB, CKMKEHHOTO YTIEBOJOPOIHOTO Ta3a,
a TaKXkKe JPYruX BEIIEeCTB, KOTOpPbIE HMEIOT CXOJHBIC (PU3MYECKHE CBOWCTBA C
NEepPEUUCICHHBIMU BelllecTBaMU (TIOKa3aTelb BI3KOCTH, BECa, YPOBEHb KOPPO3UIMHOTO
BO3JICHCTBHS Ha MaTEepPHAJIbI AJICMEHTOB Hacoca | T.11.) [10].

Hacocel, usroraBivBaeMble B Pa3jiMYHbIX KIMMATHYECKUX HCIIOIHEHUSIX U
pa3IMYHBIX KaTeropui, TNpelHa3Ha4YeHbl MJii pPaboThl BHE TMOMEHICHUH U B
MOMEIIEHUIX, T/I€ MO0 YCIOBHUSIM PabOTHl BO3MOKHO OOpa30BaHHME B3PBHIBOOMACHBIX
ra3oB, MapoB WJIM CMECH TbUIM C BO3AYXOM, U OTHOCSIIMXCA K pPa3IuYHbIM
KaTeropusiM B3pbiBoomnacHocTH [10].

Taxum o6pazom, HEDTIHBIE HACOCHBIE YCTAHOBKH HCTIOIB3YIOTCS:

- B COCTaBe cucTeM nojauu Torarua TOLI;

- Ha npeanpuatusx HedrerazoqoObIBaromeld W HedrenepepadbaTbIBarOIICH
MPOMBIIIUIEHHOCTH;

- KPYITHBIX KOTEJIBHBIX ¥ Fa30HANOJHUTEIbHBIX cTaHiusAX [10];

- Ha TIPEINMPHUATHIX, 3aHUMAIOIIUXCSI paclpeie]ICHHEeM HIN UCTOIb30BaHUEM
HE(TENPOAYKTOB BO B3PHIBOOIIACHBIX YCIOBUSIX;

- JUIS TIEpEKAYKU HEPTETPOTYKTOB PA3TUIHOTO BUA;

- 7 MarucTpabHO# nepekauku ceipoii Hedtr [10];

- IepeKayvKa TOBapHOU HEPTH,

- IepeKayvKa ra3oBoro KOHJIEHCAaTa,;

- IepeKayka CKMKEeHHbIX Ta3oB [10];

- IepeKavKa ropsueii BOJbI Ha YHEPTETUUECKUX 00BEKTaX;

- UHKEKIIUS BOJIbI B miacT B cuctemax III1/];

- IepeKkayka XuMuieckux peareHTos [10];

- IepeKavKa KUCJIOT U COJIEBBIX PACTBOPOB;

- IepeKavka B3pbIBOMOKAPOOIACHBIX CPEN;

- 3aKaYKa XUMUYECKUX PEareHTOB B IJIACT JJIS JIy4IIe oTaauu HeTH,

- IepeKayKa pa3IMYHBIX XUMHUECKUX Cpe/l Ha HedTerazoBbix o0bekTax [10];

- IepeKayvKa MUTATeIbHON BOJIBI B CHCTEMAax MapOBOr0 OTOIUICHUS;

- B OyCTEpHBIX CUCTEMAX;
13



- B cucTeMax rereparuu nasieHus [10].

1.3Metoabl M CpeACTBAa JHATHOCTHYECKOTO KOHTPOJSI HACOCHBIX

arperaToB

JlmarHoCTUYECKUH KOHTPOJIh HACOCHBIX arperatoB OCYIIECTBISIETCS T10
MapaMeTPUIECKUM U BHOPOAKYCTHUYECKUM KPHUTEPUSM, a TAKKE MO TEXHUYECKOMY
COCTOSIHUIO OTACIBHBIX COOPOYHBIX SAMHMII U JIETAICH, OlIEHUBAEMOMY TIPHU BBIBOJIC
HACOCOB U3 dKcIuTyaTaryu [11].

JI71st mpoBeIeHNsT TUarHOCTUPOBAHUS UCTIONB3YIOTCSI BUOpOIpeoOpa3oBaTesu ¢
BO3MOKHOCTBIO U3MEPEHHUSI CIIEKTPAIbHBIX COCTABISIONINX BUOpPAIMU, ITYMOMEPHI C
BO3MOXXHOCTBIO H3MEpPEHHUS] OKTaBHBIX COCTABIAIOMINUX, MPUOOPHI, IMO3BOJISIIOIINE
OTIPEJIENATh TEXHUYECKOE COCTOSTHUE MOJIIITUITHUKOB KaUu€HUS WM aHAJIOTUYHBIE UM,
HO ¢ OonblMMH (QYHKIIMOHAIBHBIMU BO3MOXKHOCTSIMA OTE€UECTBEHHOTO WJIU
3apy0eXHOT0 Tpor3BocTBa [11].

CpenctBa KOHTpOJIsI BHUOpalid W METOJbl BUOPOJUATHOCTUKHU  JIOJIKHBI
o0ecreunBaTh peIIeHue CISAYIONUX 3a/1a4y:

- CBOEBPEMEHHOI'0 OOHAPYKEHHsI BOSHUKAIOUINX JAE(PEKTOB COCTABHBIX YacTel
000pYI0BaHUS M MPEIOTBPAICHHUS €0 aBapUiHBIX 0TKa30B [12];

- OTIpefieNieHrsT  00beMa  PEeMOHTHBIX pabOT ¥ PAlMOHAIBHOTO  UX
TUTAHUPOBAHWS,

- KOPPEKTUPOBKH 3HAYCHUN MEKPEMOHTHBIX WHTEPBAJIOB M MPOTHO3UPOBAHHUS
OCTaTOYHOTO pecypca COCTaBHBIX YacTed oO0OpyJdoBaHUS MO €ro (akKTUYECKOMY
TEXHUUYECKOMY COCTOSHUIO;

- MPOBEPKU  PabOTOCMOCOOHOCTH  O0OpYyJOBaHMUSI ~ TOCIAE  MOHTAaXa,
MOJICpHU3AIIMM W PEMOHTA, OMNPEIETEHUS ONTUMAIBHBIX PEXKUMOB pPaOOTHI
obopynoBanus [11].

Hacocuple arperaTsl AOKHBI OBITH OCHAIIEHB KOHTPOJHHO-CUTHAIBHOM

BuOpoanmapatrypoii (KCA) ¢ BO3MOXHOCTBIO KOHTPOJIS TEKYIIMX IMapamMeTpoB
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BUOpalnu, MpelynpeanuTeIbHON CUTHAIU3AIMEN U aBTOMATUYECKUM OTKIIOYEHUEM
MIPU TIPEBBIIEHUH MPEJETBLHO AOMYCTUMOTO YPOBHS BUOpAIUU.

JI0o yCTaHOBKM KOHTPOJIbHO-CUTHAJIBHBIX CPEICTB KOHTPOJIb U H3MEpPEHUe
BUOpallMM  OCYIIECTBJSIIOTCS. ~ MOPTATUBHBIMU  (MIEPEHOCHBIMHU)  CPEACTBAMHU
BuOpomeTpuu. JlaTumku BuOpoamnmapaTypbl yCTaHaBIMBAIOTCS Ha  Kaxaou
HOIIIHITHUKOBOM omope [13].

B kawecTtBe wm3MepsieMoro W HOPMHPYEMOTO mMapaMeTrpa BHOpaIuu
yCTaHaBIMBaeTcsa cpeaHee kpaapatudyeckoe 3HaueHue (CK3) BubOpockopoctu B
paboueii mostoce gyactot 10-1000 I'ry [13].

N3mepenue 3HaueHU BUOPOCKOPOCTH OCYIIECTBISAECTCS B BEPTUKAIHLHOM
HampaBieHuu. [lpu sToM perucTpupyercs COOTBETCTBYIOUIUN PEXHUM paOOThI
Hacoca, TO €CTh 0Jla4ya U JIaBJIEHUE Ha BXO/JIE.

B tabnune 1.1 npuBeneHsl JOMyCTUMbIE YPOBHU BUOpAIIUU MPHU SKCILTyaTaIlluu

IIEHTPOOCKHBIX HACOCOB.

Tabmuna 1.1 — IlpegenbHO gOMyCTHMBIE HOPMBI BHUOpAaIlMU TPH DKCIUTyaTallud

HacoCoOB

CpenHee KBapaTHYECKOE 3HAYCHUEC

BricoTa ocu BpariieHust poTopa, MM
p poTopa, BUOPOCKOPOCTH, MM/C

Jo 80 1,8
80-132 2,8
132-225 4,5
Caplme 225 7,1

Y HacocoB, HE HMMEIONIMX BBIHOCHBIX IOIIMITHUKOBEIX OMOp (HACOCHI CO
BCTPOCHHBIMU TIOJIIUITHUKAMH), BUOpAIMsl MU3MEPSETCS KaK MOXHO OJIMKE K OCH
BpaieHus poropa [13].

[Ipu ompeneneHny IIYMOBBIX XapaKTEPUCTHUK H3MEPSIOTCS B COOTBETCTBHH C
I'OCT 23941-2002: ypoBenb 3Byka La (B 1BA) B KOHTpOJBHBIX TOYKAaX; ypOBEHb
3ByKOBOrO AaBieHus L, (B 1BA) B okTaBHBIX mojocax yacTtot (oT 31,5 no 8000 I'r) B

KOHTPOJIbHBIX Toukax [14].
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[TpubGopsl, TpuMeHsIEMbIE JIsI U3MEPEHHS ITYMOBBIX XapPAKTEPUCTUK, YHCIIO
TOYEK H3MEPEHHUS M H3MEPUTEIbHBIE PACCTOSHUSA OMPEICIAIOTCS TEXHUYECKOU
JOKyMEHTalluell Ha KOHKPETHBIM IIyMOMEpP M  YCJIOBHSIMHU  OKCILTyaTallH
auarHoctupyemoro — obopymoanuss  [14].  Tlpm  ompemeneHMHM — OIYMOBBIX
XapaKTepUCTUK (0a30BBIX U TEKYIIUX) JIOJBKHBI COOIOIATHCSI OJIMHAKOBBIC YCIOBHS
U3MepeHuil  (pexuM  paboThl, KOJUYECTBO  OJHOBPEMEHHO  paboTaroiiero
o0opyaoBaHUS U JIP.).

[lo pesynpTaTaM AMArHOCTUYECKUX KOHTPOJIEH MNPUHUMAETCA pPEIICHHE O
BBIBOJIC HACOCOB B PEMOHT WJIM HMX JANBHEHIIEr0 HCIOJBb30BaHUS MO Ha3HAYCHUIO
[13].

[lepuonuunocTth, GopMa M OOBEM PETHCTPUPYEMBIX MAPAMETPOB JIOJKHBI
OBITH OIpeneseHbl HOPMATHUBHBIMUA JOKYMEHTAMH C Y4E€TOM BO3MOXKHOW PYUYHOM,
aBTOMATU3UPOBAHHOM WJIM CMEIIAHHON CUCTEMBbI PErUCTpaluy HHOpMAaIUu.

OcHOBHBIE TPUYMHBI BHOpAIMM HACOCHBIX arperaroB OOYCIOBJIMBAIOTCS
MEXaHUYCCKAMH, DJICKTPOMAarHUTHBIMH W THIPOJAHAMHYCCKHMH SIBICHHUSIMH, a
TaK)Xe )KECTKOCTHIO OMOPHBIX cucteM [11].

[Ipu npoBeneHNH W3MEPEHH HEOOXOAMMO pPAa3JCIUTh TEPEUUCICHHBIC
MCTOYHUKHU BUOparru HacocoB. [Ipu MoBBIIEHHON BUOPAIMH MTOIITUITHUKOBBIX OTMIOP
arperata CIJIEQyeT MPOBEPUTh KECTKOCTh KPEIUICHUS TMOIIIMITHUKOBBIX OMOp K
KOPITyCy WJIM pame, >KeCTKOCTh KPEIUICHHs KOpIlyca Hacoca M paMbl JABUTATENS K
dbynnamenty. [loBbiieHHas BUOpaIysi B TOPU30HTAIIBHON MJIOCKOCTH YKa3bIBAeT Ha
YMEHBIIICHUE )KECTKOCTH B TOPU30HTAIBHBIX HampaBieHusx [11].

[To pe3ynpTaTam mM3MepeHUs BHOpaMu AJs KaKI0W KOHTPOJIMPYEMOM TOUYKU
CTPOUTCS IpapuK U3MEHEHUs] CPEHETO KBaJApaTUUECKOro 3Ha4eHHs] BUOPOCKOPOCTH
B 3aBHUCHUMOCTH OT HapaboTku (cM. pucyHok 1.2). Jlo BuOpockopoctu 6,0 mMm/c
rpaduK MOXKHO MPEJACTaBUTH MPSIMOU JTMHHUEH, TPOBEACHHON COTJIACHO MOJTYYSHHBIM
3HaueHusM BuOparuu. [lanee rpaduk cTpouTcs MO 3HAYCHUSM BUOPAINH,
COOTBETCTBYIOIIMM HapabOTKe HACOCHOTO arperara mocie Buopockopoctu 6,0 Mm/c.
['paduk, mOCTpOEHHBIN TOCHIEe MOCTHXKEHUS YpoBHS BuOpamuu 6,0 mMMm/c, Kak

MpaBWIo, OyJET pacrmoJiaraTtbCsi Moj OOJIBIIMM YTJIOM K OCH aOCIMCC U TO3BOJIUT
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OLCHUTDL BPCMs HACTYIUICHHUA IPCACIbHO JOIIYCTUMOI'O 3HAYCHHA Bn6pau1/m T1 IIpH

npeeIbHOM 3HaYeHUH BHOpockopocTr 7,1 Mm/c wmu T, — ipu 11,2 mm/c [11].

MF/C
VISIIII TSI FIIIIIIIIIII TSI IS4 ITIA
vV 11.0 .

7 1 VWELLLALA A A A A //////
' 2|

rd
]

6,0

L

Pucynok 1.2 — Onpenenenue ocTaTOYHOro pecypca 000pyI0BaHUsI 10 YPOBHIO BUOpAITUU

Jlns 6osiee TOCTOBEPHOM OIIEHKM TEXHUYECKOTO COCTOSHHS M OCTaTOYHOIO
pecypca OTIENbHBIX JeTalel WM y3J0B PEKOMEHAYETCSI CTPOUTh Takxke rpaduk mo
OCHOBHBIM CHEKTPAJIbHBIM COCTABJISIONINM, YKAa3bIBAIOIIMM BO3MOKHBIE Je(EKThI
HACOCHBIX arperaros [11].

B mpouecce 3kcrutyartaiu HAHOCHOTO arperara €ro TEXHUYECKOE COCTOSHUE
MEHSETCS U3-3a U3HOCa JieTaneit u y3noB. Hanbonee pacrpocTpaneHHON U 3HAUMMON
MPUYAHON YXYIIICHUS XapaKTEPUCTUK HACOCA B MPOLECCE AKCITyaTalluu SIBIIACTCS
W3HOC JIeTaJIeH MIEJIeBOro YIJIOTHEHHs pabouero KoJeca.

Hacocubie arperatbl HEOOXOIMMO BBIBOJIUTH B PEMOHT TMPU CHUKCHUHU
BEJIMYMHBI HAITOpa Hacoca oT 0a30BBIX 3HAUYCHUH Ha 5-7 % [12].

3nayeHue Bo3MokHOro cHmkeHus KIIJl orHocuTenpbHO 06a30BOro 3HAUYCHUS
MOKET YTOYHSATHCA [JI1 KOHKPETHOrO THUIOpa3Mepa Hacoca Ha OCHOBAHUHU
DKOHOMUYECKOM OLIEHKH W3 YCIOBHUS, UYTO CTOMMOCTb PEMOHTA, MPU KOTOPOM
obOecrnieunBaeTcsi BoccTaHOBiIeHUE mepBoHavanbHoro KIIII, Oynmer Beime 3atpart,

BBI3BAHHBIX MIEPEPACXOIOM AIEKTPOIHEepruu u3-3a camxenus KI1/1 vacoca [12].
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JlnarHOCTUpPOBaHUE COCTOSTHUSI HACOCHBIX arperaroB IO IMapaMeTPUIECKUM
KPUTEPHUSIM JIONyCKAETCS TPOBOJAUTh KAaK HA OCHOBE JaHHBIX, IMOJTYYEHHBIX TIO
KaHaJlaM TeJIEMEXaHUKH, TaK U Ha OCHOBE KOHTPOJIBHBIX U3MEPEHUI C TPUMEHEHUEM
00pa3IoBbIX CPEICTB U3MEPEHUS TABJICHHUS, TI0/Ia4l, MOIITHOCTH, YACTOTHI BPAIICHHUS
pOTOpa Hacoca, MIOTHOCTU U BA3KOCTHU MEPEKaYMBAEMOM JKUIKOCTH.

W3mepsieMble TapaMeTphl U cpeicTBa uaMepenus [13]:

- TaBJICHWE Ha BXOJIE M BBIXOJIC HACOCHOTO arperara M3MepseTCsS MTAaTHBIMH
NEePBUYHBIMU MPEOOPa30BATEISIMU AABJICHUS C TOUHOCTBIO 0,6% Mpu UCTIOIH30BaHUN
ACY wmm 06pa3rnoBsiMu MaHoMeTpamu kiacca 0,25 v 0,4;

- ToJja4a OTpeENsIeTCs 10 Y3y ydeTa, Mo o0beMaM pe3epByapoB ¢ TOMOIIBIO
MIEPEHOCHBIX YIbTPAa3BYKOBBIX PACXOIOMEPOB WJIU APYTUMH CIIOCOOAMU;

- MOIITHOCTh, TOTpeOIsieMas HACOCOM, H3MEPSETCS MPH TOMOIIM INTATHBIX
NEPBUYHBIX TpeoOpa3oBaTeseii MOIIHOCTH C ToyHOCThiO He Huxke 0,6 %. Ilpu
YCTAaHOBUBIIUXCS PEKUMAX JUIsl TPYOOH OIEHKH JIOMYCKAETCs OMPENEsiTh MOUTHOCTD
M0 CYETYUKY TOTPEOISIEMOM SJICKTPOIHEPTHH HIIA BOJIBTMETPY U aMIIEPMETDPY;

- YaCTOTa BpAILEHUS POTOpa 3aMepsAeTCs JaTYUKOM YacTOThI BpAIICHHS C
touHocThio 0,5 %;

- IJIOTHOCTb U BSI3KOCTH MEPEKAUYNBACMON KHUIAKOCTH OMPEACIISIOTCS M0 y3JIaM
ydeTa Wiu B XUMHUYECKOU J1abopaTopuH.

3amep  mapaMeTpOB  TPOBOAUTCSA  TOJBKO  TIPH  YCTAaHOBUBIIEMCS
(cTarOHapHOM) PEKUME TIEPEKAUKHU.

KoHTpons cTanMoHapHOCTH peXHMa OCYIIECTBISIETCS MO mojaade (mpu
BO3MOYKHOCTH HETIOCPEACTBEHHOTO HM3MEPEHHS) WM 10 JABJICHUIO HA BXOJE WU
BBIXO/IE HACOCHOTO arperara.

[TapameTpsl U3MEPSIOTCS TIPU OSCKABUTAITMOHHOM PEXHME PabOThI HACOCHOTO

arperata (KOHTPOJHMPYIOTCS MPU U3MEPEHUU BUOpAIMU U IO JABJICHUIO HAa BXOJE B

Hacoc) [11].
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1.4 IllpumeHsieMble CMCTeMbl MOHMTOPHMHIA COCTOSIHMSA 00OPYAOBaHUSI Ha

NpeanpUATHAX He(pTeXUMHUYECKOH 0TPacIu

1.4.1Cuctema BHOPOAUATHOCTHMKH [UHAMHMYECKOr0 000pyJA0BaHMS

KOMITIAKC

CranmonapHasi ~ cucTeMa  MOHUTOPHHTAa  COCTOSHHUA  OOOpYyIOBaHUS
KOMITAKC® npeaHa3HavyeHa Jjis oOecreueHusi 0€30MacHOM PKOJIOTHYECKH YUCTOMN
pecypcocOeperaromieid  dKCIuTyatallud  000pYyAOBaHUS  B3PBIBOMOKAPOOMACHBIX
MPOU3BOJICTB, MPEIYNPEKACHUS aBapuii, MPOU3BOJACTBEHHBIX HEMOJAJOK U
YIOPABJICHUS] TEXHUYECKUM COCTOSHUEM OOOpY/IOBaHHS IyTEM €ro HENpPEepbIBHOTO
KOMITBIOTEpHOTO0 MOHHUTOpHHra [16]. Cucrema BHOPOAMATHOCTHKH KOMITAKC®
oOecrieynBaeT JAUArHOCTUKY, MOHUTOPUHI M TMPOTHO3 TEXHUYECKOTO COCTOSHUS
arperaToB C BbIauel MNPEANUCAHUN M0 OJMKAWIIMM HEOTJIOXKHBIM JEHCTBUAM,
MPOBOJAUMBIX C OOOPYIOBAaHHEM, TEXHOJOTMUECKOMY IMEpPCOHATy B OIEPaTOPHYIO
YCTaHOBKH M PYKOBOJICTBY HPEIIPHUATHS MOCPEACTBOM JTHArHOCTHYECKOM ceTu [16].

Cucrema KOMITAKC® sBnsercss yHMBEpCANIbHON CHCTEMON KOMILIGKCHOTO
MOHUTOPUHTA TEXHUYECKOTO COCTOSHUSI O0OpyAOBaHHMs W o00Jamaer THOKOU
pacnpeneneHHon MapaJIEIIbHO-TIOCIIEJOBATEIIBHOM APXUTEKTYPOH,
o0eCIeUYnBaroIIel BEICOKYIO CKOPOCTh M TOYHOCTh 00paboTKH HHpopMarwu [15].

B cucreme monntopuara KOMITAKC® HCrons3yrOTCs CIEAYIOMAE METOIBI
Hepa3pyILIaIIEro KOHTPOJIS:

- BUOpALlMOHHBIH,

- AKYCTHKO-3MHCCUOHHBIM,

- TETIJIOBOM,

- JICKTPUYECKHM,

- BUXPETOKOBBIH,

- AKYCTUYECKUH,

- onrTuyeckuii u p [15].
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[IpumeHeHre BBIIIEIEPEUUCICHHBIX METOJOB B KOMIUIEKCE IO3BOJISIET Ha
eIMHOM MPOTrpaMMHO-aNMapaTHON TuiaTGopMe KOHTPOJIMPOBATH KaK JUHAMHYECKOE
obopynoBanue (HacCOChI, KOMIpPECCOpbl W T.O.), TaK M CTaTH4ecKoe (KOJOHHBI,
PEaKTOpEI, pe3epByapsl, TpyOompoBobl) [16].

JlaTunku BHOpamMy TO3BOJIAIOT HM3MEPATH COBMECTHO 3 BHOpoIapamerpa:
BUOpPOYCKOpEHHE, BUOPOCKOPOCTh W BHOpomepemenieHue. COBMECTHBIM aHAIU3
BUOPOYCKOpPEHUSI, BHOpPOCKOPOCTH, BUOpPONEPEMEIICHHS, WX CKOPOCTEH pocCTa,
CTOXaCTHUYECKUX U CTIIEKTPATLHO-KOPPEISITUOHHBIX XapaKTePUCTHK
BUOpONapaMeTpoB MO3BOJISIET BBISBIATH 1e(DEKTHI Ha CTAINH 3apOKICHUSI.

Cornaco cranmapty P® T'OCT P 53564-2009 [17], KOMIIAKC® orHocutcs
K CHUCTEeMaM [epBOro Kjacca M MOXKET NPUMEHATbCA I KOMIUIEKCHOTO
MOHHMTOPHUHTA TEXHOJOTUYECKOW CHUCTEMBI B IIEJIOM, BKJIIOYas OOBEKTHI TEpPBOM,
BTOPOl M TpeThbed KaTeropuil C BO3MOXHOCTHIO ABTOMATHMYECKOM OJOKHMPOBKU
OMaCHBIX arperaroB, oOecreuuBas OE30MACHYIO JKCIUTyaTallio 00OpYyIOBaHUS IO
(haKTHICCKOMY TEXHUYCCKOMY COCTOSTHUIO [17].

CucreMbl ~ MOHUTOPUHIA  TEXHHYECKOTO  COCTOSIHUS ~ 0OOpYyJOBaHUs
KOMITAKC® B peanbHOM BpeMEHH aBTOMATHIECKH OCYIIECTBISIOT [15]:

- IMarHOCTHKY ¥ MPOTHO3UPOBAHHME OCHOBHBIX HeWcrpaBHocTel (>95-98%)
00Opy/l0oBaHUSI C paHHUM OOHapyXEHHEM, IOJHBIM HCIOJIb30BaHUEM pecypca U
COXpaHEHHUEM PEMOHTOIPUTOTHOCTH;

- ”H(QOPMUPOBAHHE TNEPCOHANA O OMMKAMIIMX MEPBOOYEPEAHBIX IEHCTBHIX
10 YIPaBIEHUIO COCTOSTHUEM 000PYIOBaHMS,;

- KOHTPOJIb HaJ WCIOJHEHUEM NPEANHCAHUN CUCTEM U JIEWCTBUU NEPCOHANA
MMOCPEACTBOM CETEBBIX TEXHOJIOTHM;

- hopMHupoBaHNE TIUIAHOB IICJICHANIPABICHHBIX PEMOHTOB HAa  OCHOBE
(baKTHYeCKOTO COCTOSTHUSI 000PYI0BAHUS;

- BelieHne 0a3 JaHHBIX JUArHO30B, paldoOT, 3aMEH U PECypCcOB 00OPYIOBaHMS,
MPE/ICTaBICHUE OTUYETOB Ha BCEX YPOBHAX YIIPABJICHUS MPEATIPUATHEM,

- BBISIBJICHHE U JTUKBUIAIMIO OCHOBHBIX MIPUYMH OTKA30B 000PYI0BaHMS;

- YCTpaHEHHE OIMOOK MPOEKTUPOBAHUS U MOHTAXa;
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- ONTUMH3ALIMIO TEXHOJIIOTHUECKIX CXEM U cocTaBa 00opymoBanus [15].

Ha prcynke 1.3 mpeacraBiiena CTpyKTypHas cxema cuctemst KOMITAKC®.

KOMMY TMPYOMLIA IGaHan

(! —
BrlgenanHbiia KaHan - Buewnsm

Papworanan

NuHwn cerzy 500m » Gones
(o 1024 mogynen, 8192 mamepyTe/ibMbIX Kasanog}

KO . ror—— I L
[ I;LIIIAL v‘ A'IIU-L- i.llllll

sttt

SO0 Mbay s PIM Badnn o P oo PIv

Muavvn censw (8 Kananos)

BErise onBipadmn ARTHAx YOMRrRATY Pl MaTwr< 1ans

Bathime napenciurse ) Haren v Brune<sn Namear
MYLTANCLNDE I ACCAw

Pucynok 1.3 — CtpykrypHas cxema cuctremst KOMITAKC®

CrarmoHapHas cuctema BudpomonnTopuara KOMITAKC® Bxiouaer B cefsi:

- CUCTEeMY  JIaTYUMKOB,  KOHTPOJMPYIOIIMX  OCHOBHBIE  MapameTpbl
000pyI0BaHUS;

- paCIpENENIEHHYI0 CHCTEMY BBIHOCHBIX  MOAYJEH, 00OecreynBaronInx
NEPBUYHYI0 (UIBTPALMIO CHUTHAJIOB C JAaTYUKOB M HMX TPAHCISALUIO B
JUArHOCTMYECKUN KOHTPOJUIEp, a Takke OO0eCleuuBaloluX KOHTPOJIb HaJ

OCJIOCTHOCTBIO CaMHUX JATYUKOB U JIMHUAN CBA3H,
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- TUarHOCTUYECKYI0 CTAHIMIO, OOECIEUYHMBAIONIYI0 COOp W XpaHEHHeE,
00paboOTKy JaHHBIX, OTOOPAKEHUE PE3YIHTATOB MOHUTOPHHTA;

- IMArHOCTHYECKYIO ceTh mpemmpusaTis Compacs-Net® s npemocrasienns
Ha KOMIBIOTEpax TOJb30BaTeNeld (0T TMepcoHana Iexa N0 pPyKOBOJCTBA
IPEIIPHUATHS ) TIOJHOM HHDOPMALKUK 0 PAaKTHIECKOM COCTOSIHUU 000pymoBaHus.[15]

OcHoBHOe  mpemmyiiectBo  cuctembl KOMITAKC®  mag  mpyrumu
MOHHMTOPUHIOBBIMU CHUCTEMaMH — HAJIMYME aBTOMATUYECKOM SKCIEPTHOW CHUCTEMBI
HOIICPKKU IPUHATHS perreHuii.[ 15]

DkcneprHas cuctema KOMITAKC® mnpenHasHaueHa i aBTOMATHUECKON
JUATHOCTHKHA ¥ TPOTHO3UPOBAHUS TEXHUYECKOTO COCTOSIHHSI O0OOpYIOBaHMUS.
OKcnepTHasl cUCTeMa OTHOCHUTCS K KJIacCy MOAJEP>KKH MPUHATHS PEUICHUH, TO €CTh
e KIII0YEeBOM 3aJayeil SBISIETCS MMOMOIb B MPUHATHH OOOCHOBAHHBIX PEIIECHUHN IO
YIPABICHUIO COCTOSIHUEM U PEKUMOM pabOThl TEXHOJIOTHYECKOI0 000PYA0BAHHUS.

ABTOMaTHUECKas SKCHEpTHAas CUCTeMa MOJACPKKUA MPUHIATHS PpPELICHUH,
OpuHOUT (HOPMHUPOBAHHS BBIBOJOB KOTOPOW TIPEACTaBICH Ha pHCyHKe 1.4, B
KayecTBE BXOIHBIX JIAHHBIX HCHOJb3YeT MH(OpPMALMIO O TEKYIIUX 3HAYEHMSIX
JTUArHOCTHMYECKUX TPHU3HAKOB, MX BPEMEHHBIX TPEHAAX M  CIEKTPAIbHBIX
XapaKTepUCTHKAX CUTHAJIOB. DKCIEPTHAsl CUCTEMa UMEET CBOMCTBO MHBAPUAHTHOCTH
K IapamMeTpaM JIUarHOCTHUPYEMOIro OOOpYIOBaHMS, YTO IIO3BOJISIET 00ECHeUHTh
JUMArHOCTUKY JlaKe MpU HenocTaTke MHpopMauu 00 OCOOEHHOCTSIX KOHCTPYKIIMU
obopynoBanusi. be3 ydactus crneunuanbHO OOYYEHHOTO IepcoHala, HKCIEpTHas
CHCTeMa aBTOMATUYECKU OIpeaensieT Ne(eKThl U HEUCIPABHOCTH OOOPYIOBaHUS U
MPEOCTABIISCT MEPEUYCHb PadOT, BBHIMOJHEHUE KOTOPHIX MO3BOJIUT 00OPYHAOBAHUIO
IPOIOJDKUTh JalIbHEHINYI0 SKCIuTyaTanuto [19].

DKcmepTHas CUCTeMa TOCTe TIOMyYeHHUs! CUTHAIT ¢ TATYMKOB, Pa3MEIIEHHBIX Ha
JUArHOCTUPYeMOM  000pyAOBaHHUH,  (OPMUPYET  BEKTOpP  JAMAarHOCTUYECKUX
MIPU3HAKOB, BKITIOYAIOIIUN TPH TPYIIIIHL:

- TapaMeTphl OOIIETO BUAA [0 CUTHAJIAM C TaTYUKOB;

- CKOPOCTH U3MEHEHUS MapaMeTpOB;

- IPU3HAKH, PACCYUTAHHBIE B pe3yJbTaTe 00padOTKH TPEHOB U CIIEKTPOB.
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Pucynok 1.4 — [Ipunuun popMHUpOBaHUS BBIBOJIOB SKCIIEPTHON CUCTEMBI KOMITAKC®

BekTtop AMarHOCTMYECKUMX MPHU3HAKOB TOCTyMaer B OJOK 00paboTKu
jJorudeckux npeaukatoB OC, mo pesyiabratam pabOThl KOTOPOro (GpopMHUpyOTCs
BBIBO/IbI IKCIIEPTHON CUCTEMBI.

B pesynbprare cucreMa BBIAAET TUAarHOCTUYECKUE MPEANUCAHUS HA OCHOBHOM
PKpaH B BHUJE TEKCTOBBIX COOOIIECHHH, a Takxke (HOPMUPYET KOMAHIBl MOMIYJIIO
BBIBOJIA PEUEBBIX IpenynpexaeHui. [lo mobomy mapamerpy cucteMa BEIET OLIEHKY
CKOPOCTH €r0 M3MEHEHMS, YTO SIBISETCS OJHUM W3 JHATHOCTUYECKUX MPHU3HAKOB,

WHBapUAHTHBIX K THITY 000pyaoBaHus [15].

1.4.2 Cucrema mouutoputra cocrossuusa SIPLUSCM S

Cucrembl morutopunra coctosausi JPLUS CMS perynsipHo KOHTPOIUPYIOT
COCTOSIHUE MEXaHMYECKUX Y3JI0B 00opymoBaHms 1Mo Bcemy 3aBoay. JPLUS CMS
MIPEACTABIISICT COOOM BaXKHBIM AT HAa MYyTH K KOHIICHIINH «IIM(PPOBOTO 3aBOJIay», TIE
BCC YYaCTHUKH, BKJIIOYAs MAIIMHBI, MPOIYKTHI W JIIOJEH B IEMOYKE CO3TaHUS
CTOMMOCTHU OYTyT MOJIKIIOUYCHBI K CETH.

Cuctembl moruTopuHra coctossaus PLUS CMS co3paror npeanocbuiky Juist
paHHero oOHapYyKCHUS TOBPESKICHUN MAIlMH W TEXHOJIOTMYECKUX JIMHHH, a TaKKe
I[EJICHANPABICHHOTO TUTAHUPOBAHUSA PAOOT MO TEXHUYECKOMY OOCTY>KUBAHUIO ISt

COKpaIIlEHHUS MPOCTOEB 70 MUHUMYyMa [18].
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Cucrema SPLUS CMS 3anuchiBaeT #  aHaIU3UpPYeT MEXaHUYECKUE
NepEeMEHHBIC, TOJIYYCHHBIC C MAIlIMH, MHTETPUPYET WX B aBTOMATH3MPOBAHHYIO
Cpelly W TMpEAOoCTaBIsieT BCIOMOTaTeNbHbIE CPEACTBA ISl MPUHSITHUS PEIICHUN
00CTy)KHBarOIIeMy MepCOHATY, OTiepaTopaM U PyKOBOACTBY. OTKpBITasi apXUTEKTypa
cucTeMbl U 3()PEKTUBHOE B3aMMOJIEUCTBHE MEXYy KOMIIOHEHTaAaMHU aBTOMaTH3allUd
(TIA) mO3BONISIOT KOHTPOJIMPOBATH COCTOSHHUE KOMIIOHEHTOB 000PYAOBaHMS Ha BCEX
ypoBHsiX. [Ipym TakoM mMOAXOJe YMPABISIOMIMK TMEPCOHAT MOXET BHHUMATEIHHO
CJIIEIUTh 3a aKTyaJbHOM HMH(pOpMalMel O COCTOSHUU TIpoliecca U arperaroB. B
cJIy4ae BO3HUKHOBEHHS OTKJIOHCHUM OT HOPMBI CHCTEMa TI03BOJISIET OBICTPO OIICHUTH,
HACKOJIBKO MaKCHMaJIbHO BO3MOXKHO IIPOIUTEH O€30IacHyI0 3KCIuTyaranuto [18].

Hwxe npencrasiiensl kitoueBbie mpenmyiecta cucreMbl SPLUSCMS

- mpocTasi KOH(HUTypamusi CUCTEMBI, OTKPBITBIE CTaHAAPTHI, BO3MOXHOCTH
MPOCTOTO PACIIUPEHUS;

- CHIDKEHUE 3aTpar: OoJjiee JUIMHHBIA KU3HEHHBIH UK, 3(QQGEeKTUBHOE
o0ciy>kuBaHue 000PYI0BaHUS, 3aIIUTA UHBECTULIMIA;

- IOBBIIIICHUE  MPOU3BOJUTEIBHOCTU:  CHIDKEHHE  HEMPOU3BOAUTEIILHOTO
BpEMEHH, IPOTHO3UPYEMOE 00CTyKUBAaHUE M PEMOHT, MPOCTas THATHOCTHKA;

- BHeIpeHHEe NU(POBU3AIMU: 3aNUCh U aHAU3 MEXAHMYECKUX MEPEMEHHBIX,
MOJKTIOYEHUE K 00JaYHBIM PEIICHUSIM, PUHIATHE PEIICHUH 1J1s1 00CTyKUBaHUSI.

W3 mpencraBieHHBIX KOMIaHueld SeMens JMHEHKH CHUCTeM MOHHTOPHHTA
HanOosiee MONIXOJAIICH NI NMPUMEHEHHs Ha HedTenepepadaThIBAIONIUX 3aBOJAX
spsiercss SMPLUS CMSA000 [18].

SMPLUS CM$A000 moaxoguT [Ijii MOHHMTOPHMHTA KakK  OTACIBHBIX
MEXaHUYECKUX AJIEMEHTOB MAIIMHBI, TAK M CJIOKHBIX KPYMHBIX MPON3BOJCTBEHHBIX
cucteM. CucrteMa CriocoOHa pacmIUpATLECS BMECTE C pOCTOM TpeOoBaHHWU. J[aHHYIO
CUCTEMY MOKHO WHTETPHUPOBATh B JIOOYI0 aBTOMAaTH3MPOBAaHHYIO cperxy. MorHoe
JMarHOCTHYeCKoe mporpammHoe obecrneueHrne CMS X-Tools Tarxke mo3BosseT
co3JaBaTh M 3allUIIaTh COOCTBEHHBIC MOJEIM aHAIM3a W MHTETPUPOBATH JTaHHBIC
polIecca U3 CUCTEMbI YIIPABIICHHUS.

CTpyKTypa CUCTEMBI:
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- moakiroueHue A0 30 wmHTepdeiicHpix Momyned (IFN) mns cOopa maHHBIX
BUOPOAKCEIEPOMETPOB, AaHATIOTOBBIX CUTHAJIOB U JJAHHBIX BUOPOTIEPEMEIIICHUS;

- IPOTPaMMHBIE Y371kl B BHJI€ (YHKIHMOHAIBHBIX OJIOKOB MJIsl MOJKIIIOUECHHUS
CHEIUATBHBIX KOHTPOJUICPOB,;

- TeXHOJIorHs IuHHOrO coeaunenus: EEE1394a (FireWire) nms mepemaun
u3MepsieMbIx 3HaueHnit Ha [1K (Hampumep, Microbox);

- aHAJIM3 C WMCIOJIB30BAHUEM TUATHOCTUYECKOTO MPOTPAMMHOTO OOECTICUCHHS
CMS X-Tools[18].

OcHOBHBIC (PYHKITUH CUCTEMBI:

- 3aMUCh MEXAHUYECKUX CUTHAJIOB € MOMOIIBIO 180 JaTYNKOB — CHHXPOHHO U B
peaIbHOM BPEMEHH C YaCTOTOU Juckperusanuu 10 192 kl';

- mostydeHue nanHeix npouecca uepe3 |ON nenocpeacrsenno uz IMATIC S/,
SMATIC TDC u SMOTION,;

- nepeada nanHbix B CMS X-Tools uepe3 TCP/IP-cBs3b.

[Ipenmymecrna:

- HETIPEPBIBHBIX KOHTPOJb COCTOSIHUS MEXaHHUYECKUX DJIEMEHTOB Ja)Xe MpH
HU3KOYAaCTOTHBIX BUOpAITHIX;

- IPOCTasi HHTETPAIUs B CYIIECTBYIOIINE U HOBBIE CUCTEMbI aBTOMATH3AIIHNH;

- oOecrieueHre KadecTBa TPOU3BOJICTBEHHBIX IMPOIECCOB uepe3 (YyHKIHMH
OOpPTOBOTO PETUCTPATOPA;

- IeTaJdbHBIM  aHajdM3, JMArHOCTHUKA, MOHHUTOPUHT, BH3yalu3alus U
apxuBupoBanue [18].

KadecTBo M KkonmdecTBO Tpu cOOpe M aHAIM3€ JMAaHHBIX WTPAIOT HamOojee
3HAYUTEIbHYIO POJb I MoHHTOpuHTa cocTosuus. Cucrema SPLUS CMS X-Tools
MO3BOJISIET YCTAHOBUTD CBSI3W MEXIY CaMbIMU Pa3HBIMH MapaMeTpaMyd U CHUTHAJIaMU
0 paboTe MPOM3BOACTBA M MpeAcTaBuTh Mx Bu3yanmzamutoo. IPLUS CMS X-Tools
oOnanaer 6ubaMoTeKoN OJOKOB aHaIM3a AJis YAOOHOW AMAarHOCTUKH, BU3YaIU3alUH,

XPaHCHUA U ITPCACTABICHUA JaHHBIX.
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1.4.3 Cuctema Buopomonutopunra GE Bently Nevada 3500

GE Bently Nevada 3500 — cucrema, obOecrneunBaromas HEIPEPhIBHBIN
MOHHUTOPUHT B peajbHOM BPEMEHH ISl HAJIC)KHOM 3aIUTHl POTOPHOTO U TIOPIIHEBOTO
obopynoBanusi. IIpomsBogutens mpeacraBmser 3500 kak  CBOIO  caMyrO
(GYHKIIMOHATBHYIO U THOKYIO CHCTEMY, KOTOpas MPEIOCTaBIIsIeT OObIe (YHKIIHA,
HEeXeMH Jro0ast apyras AOCTymHasi cerofHs cuctema MonutopuHra Bently Nevada
[19].

B cocraB cucrembl Bubpomonutopunra Bently Nevada 3500, npencraBnenHoi
Ha pucyHke 1.5, BXonsaT o0s3aTenbHbIe M OMIIMOHATBFHBIE KOMIIOHEHTHI, TAKHE KaK:

- CUCTEMHOE I1accu

- Onok nutanus (1 wu 2);

- CHCTEeMHbI WHTEp(PEHCHBI MOAYJIh WIM MOJIYJIb cOOpa JAMHAMUYECKUX
JTaHHBIX;

- nporpammHuoe obecneuenue (I10);

- MoHuTOpPHI (1 nm Gonee);

- MOIyJib AaTunka ¢assl (1 umm 2);

- peneitabie Moy Wi (1 wim 6oiee);

- KOMMYHUKAITMOHHBIC ITUTIO3HI;

- nucruien uim aucnieiinoe 110;

- uckpoOe3omnacHble  Oapbepbl  WJIM  H30JATOPHl Uil  MOHTaXka  BO
B3pPBIBOONIACHBIX 30Hax [19].

Huxe mnpencrtaBieHbl OCHOBHBIE OCOOCHHOCTH W TPEUMYINECTBAa JTaHHOU
CUCTEMBbI MOHUTOPUHT A

- OOIIMPHBII BEIOOP U3MEPUTENBHBIX APaMETPOB

- HaCTpOMKa MPOTPAMMHOTO oOecnedeHus sl (pakTudecKku JoObIX 3a1ady
MOHUTOPHWHTA;

- MaKCHMaJlbHasl HAJE)KHOCTh C CAaMOTECTHPOBAHHEM M OTKa30yCTONYMBBHIMU

3JIEMEHTaMHU KOHCTPYKIINH;
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- IpOYHasi KOHCTPYKLHs, TOJHOCTBIO COOTBETCTBYIOIIAs COBPEMEHHBIM
CTaHJapTaM I10 B3pbIBOOE30MACHOCTH U IbLIEBIAr03aUIUILIEHHOCTH;
- COBMECTUMOCTb C JUCIUIESIMU, YCTAHOBJICHHBIMU JIOKAJIBHO UJIU YIAJIIEHHO,

- THOKOCTh KOH(UTYpAIUH C Pa3HBIMHU YPOBHSIMHE pe3epBupoBanus [19].

R BDR/NINIIVNIIN
3500

\ Bty
e

3500

Pucynok 1.5 — Bently Nevada 3500

Cucrema 3500 npenocTaBisieT BO3MOXKHOCTb MPOBEJIEHUS CaMbIX pPa3HbIX
U3MEpPEHHI: paauaibHOE W OCEBOE TOJOXKEHWe, BUOpainuu, AuddepeHinaibHoe
paciMpeHe, BO3IYIIHBIM 3a30p TUAPOTreHepaTopa, CKOPOCTh POTOpa, OOpaTHOE
BpalleHUe, MPEBBIIIEHUE CKOPOCTH, TEMIEpaTypa, OOHAPY>KEHHUE OIACHBIX Tra3oB,
HECTaOWUJIBHOCTh KaMephl CropaHusi Tra3oBOM TypOWHBI, HMITYJIbC/CKOPOCTh
MOPIIHEBOI0 KOMIIPECCOpa, MOJIOKEHUE IITOKAa KOMIIPEccopa, JaBjIeHUE B LUIMHAPE
MOPIITHEBOI0 KOMITPECCOpPa U JIP., UTO JICJIaeT €¢ YHUBEPCAIbHOM B MpuMeHeHuH [ 19].

Jlanee mpuBeAEHBI JMIIL HauboJee paclpoCTpaHEHHbIE BUIbI 000PYI0BaHMS,

JUJISL 3aIIATHI KOTOPBIX UCIOJIb3yeTcs cuctema MouuTopunra 3500:
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- IapOBbI€, THJPABIMYECKHUE, TPOMBIIUICHHBIE TAa30Bble, aBHALIMOHHBIC
TypOUHBI

- IOpIIIHEBBIE, IICHTPOOEKHBIE, OCEBbIEC, BAHTOBBIE KOMIIPECCOPHI,

- IEHTPOOEKHBIE, TOPIITHEBBIE HACOCHI;

- DIIEKTPUYECKUE TBUTATENIN, TEHEPATOPHI;

- PEIyKTOPBI;

- BEHTUJISITOPBI, BO3AYXOyBKHU;

- CMECHTEJH, IIapOBbIe MEIbHUIIBL;

- U3MENILYUTEIH, TPAHYIATOPHI;

- rpaaupHu [19].

1.5 AKTya1bHOCTH MOHUTOPHUHIA o0opynoBaHus

He(dTenepepadaThHIBAIOIIHUX 32BO0B

Jlns HedrenepepadaThIBAIONIUX 3aBO/IOB XapaKTEPHO:

- IOBBIIIICHHBIE TPEOOBAaHUS K YNPABICHUIO TEXHOJOTUYECKUMH IPOIIECCaMH,
MIPOU3BOJICTBOM U TIPEATIPUATHEM B IIeJIOM. BhiCOKHMEe TpeOoBaHUS K aBTOMAaTHU3AINH
Ha oObekTax HedTenepepabaTriBatomero komrmuiekca (HIIK) oOycnoBnensi, B
MEPBYIO0 Ouepeb MOXKapo- U B3PHIBOOMACHOCTHIO MPOU3BOJICTB, HEOOPATUMOCTHIO
CUTYAIINH, TPOUCXOISIINX IPH HAPYIICHUH TEXHOJIOTHICCKUX PEKUMOB,;

- OOJIBIIIOE ~ KOJIMYECTBO  OTHEIBHBIX  TEXHOJOTUYECKUX  YCTaHOBOK
(cemapanMoOHHBIC, TIOATOTOBKH HE(PTH, TMyTEBbIC IMOAOTPEBATENM, HACOCHBIE
arperarbl);

- TSDKETIbIE  YCIIOBUSL ~ pa3MeElIeHus 00opynoBaHus (MbUIb W MPOYHE
sarpsisHeHust) [20].

B mpomecce ympaBieHuss NPOW3BOJACTBOM Ha HedTemnepepadaThIBArOIIEM
3aBoge (HII3) pemaroTcs [Be OCHOBHBIE 3aJauyd — yIOPaBIECHUE CaMUM
TEXHOJIOTHYECKHM IIPOIIECCOM M yMpaBJICHHE €ro oOecneueHreM. [Ipu ynpasieHun
TEXHOJIOTUYECKUM  TPOIECCOM HEOOXOAUMO O0ECnedYuTh €ro CTaOUIILHOCTD,

3aBUCAIIYIO HC TOJIBKO OT IPAaBHUJIIBHOI'O BCACHHA IIPOILECCa OIcparopaMn, HO U OT
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coctosiHus ~ oOopymoBanmsi. HecTaOMIBbHOCTH  TEXHOJOTHYECKOTO  Tpoliecca,
oOyCJIOBIIEHHAsT HM3MEHUYHUBOCTHIO COCTOSIHUS ~ OOOpYZOBaHHUSA, O0OpadyMBaeTCs
OO0NBIIMMHU (DUHAHCOBBIMU MOTEPSIMU U MOKET MPUBECTU K TEXHOTEHHBIM aBaAPHUSIM.
[TorTomy  oOecneueHue  Oe3omacHOM  pecypcocOeperaromeii  AKCIuTyaTanuu
000pYZI0BaHUS SBJISIETCS MIEPBOCTEIICHHOM 3a/1auell MeHepDkMeHTa [16].

DKCITyaTanus CIOKHBIX IMPOU3BOJICTB, COAEPKAIIUX COTHU U THICSYU €IHMHUI]
TEXHOJIOTHYECKOTO 000pYyI0BaHUs, HEBO3MOXKHA 0€3 MpeacTaBIeHHs HHPOpMAIUU O
€ro TEXHHYECKOM COCTOSIHUHM PYKOBOJCTBY HpeANpUsATHsA. PEMOHT M MoJepHU3anuUs
000pyI0BaHUS, PEKOHCTPYKIIMS YIaCTKOB, IIEX0B M TIPOU3BOJICTB TPEOYIOT MIPUHATHS
O00OOCHOBAHHBIX PEIICHUN, KOTOPBIE JIOJKHBI OBITh OCHOBAaHBI Ha JOCTOBEPHOI
uHOpMaIIUU O MPUYMHAX HU3ZKOW MPOU3BOJUTEIHLHOCTH, IOBBIIICHHOW YacTOTe
PEMOHTOB, MPOCTOSIX, MPOU3BOJCTBEHHBIX HEMOJIAJIKAX M aBAPUHUHBIX CHUTYaIUsIX
[16].

I'maBHOM MIPUYUHOU BO3HUKHOBEHUS OTKa30B, HEHUCIIPABHOCTEH,
MPOU3BOJICTBEHHBIX HEMOJAJ0K M aBapUil ABJISIOTCS OTCYTCTBUE COOTBETCTBYIOIICH
HAO0JII0AEMOCTH M MPOTHO3UPYEMOU OLIEHKH TEXHUYECKOTO COCTOSIHHS arperaTos,
OTPENICNIIEMOTr0 UX BHYTPEHHEU CTPYKTYpPOH, DKCILTyaTallHOHHBIMU Harpy3Kamu U
KaueCTBOM OOCIYXHBaHUS CO CTOPOHBI IE€pCOHaNa, MPU M3TOTOBICHUU B
MPOU3BOJICTBE W TPUEMKH Ha 3aBOje-TIOTpeduTene, B Tpolecce pEeMOHTa B
PEMOHTHBIX TMOJpa3IeNICHUsIX MPEANPUATUSI, a TAKKE MPU MOHTaXE arperaroB Ha
TEXHOJIOTUYECKUX YCTAHOBKAX U B MPOLECCE UX IKCIUTyaTaLNH.

J{ns AOCTUXKEHUSI YCTOMYMBOCTH TEXHOJIOTMYECKOM CHUCTEMBI K Pa3HOro poja
BO3MYIIICHUSIM, B TOM YHCJIE€ OTKa3aM arperatoB, W YyIpaBJCHUS €€ COCTOSHUEM
MOCPEACTBOM CBOEBPEMEHHOTO TMPUHSITUS OPTraHU3alMOHHBIX U TEXHUYECKUX MEp,
TpeOyeTcss oOecrneunTh HaOMIOAEHUE 32 BO3JCHCTBYIOLIMMU Ha Hee (akTopamu,
ONpENENAIONMMUA €€ TEXHUYECKOE COCTOSIHUE M aJ€KBAaTHOE YIIpPaBJICHHE,
BKJIFOYAIOITIEE BHIOOP MPEAMOYTUTEILHOTO PeXuMa padOThl, a TaKKe pa3pabOTKy H
peanuzaiuio HEO0OXOAUMBIX KOMIICHCUPYIOIIMX MEPONPUITHH U TEXHUUYECKOTO

00CTy>KUBaHMUS.
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UtoObl pa3BUTHE HEUCHPABHOCTEH CTajmo HAOIIOJAaeMbIM, HE0OX0auM
HEIPEPHIBHBI MOHUTOPHHT, T.€. TMaTHOCTHKA C TIEPHUOJIOM, CYIIECTBEHHO MEHBIITHM
WHTEpBaJia UX Pa3BHUTHA, C aBTOMATHYECKON JTOCTaBKON OOBEKTHUBHBIX PE3yIbTaTOB,
HE3aBUCUMO OT HCIIOJHUTENICH, JIMIAaM, OTBETCTBEHHBIM 3a OSKCIUTyaTaIlHIO
obopynoBanusi. CucreMa MOHHTOPHHTA COCTOSIHHS JOJDKHA OOHapyXWBaTh 3TH
HEUCTIPAaBHOCTH, oOecredynBaTh HaOJIOJICHWE 3a WX Pa3BUTHEM W CBOECBPEMEHHO
IpeayNnpexaaTh MepcoHal O HEOOXOAMMOCTH TMOJIHATAIKU 0OOPYIOBaHMS, BBHIBOJA

€T0 B PCMOHT HJIM OCTAHOBKH.

1.6 BeiBoa

B mnepBoii rnmaBe ObUT NpoBenEH 0030p OCHOBHBIX 3aJad MOHHUTOPHHIA W
JUArHOCTUKU OOOpY/IOBaHUS OMACHBIX MPOU3BOJCTBEHHBIX M KPUTHUECKH Ba)KHBIX
OOBEKTOB, K KOTOPBIM OTHOCATCA arperaThl HedTenepepadaThIBalOIUX 3aBOJIOB, B
YaCTHOCTH, HACOCHBIE YCTaHOBKHU. PaccMOTpeHBI OCHOBHBIE MPOLECCHI, B KOTOPBIX
OPUMEHSAETCS HACOCHOE O0OpYJOBaHHE, METOAbl U CPEACTBA JUArHOCTUYECKOIO
KOHTPOJII HACOCOB M MPUMEHSEMbIE B HE(PTEXMMHUYECKOW OTpacid CHCTEMBI
MOHMTOPHUHIA COCTOSIHUSI OOBEKTOB MPOU3BOJICTBA. AHAIN3 MaTepuaa MOKa3bIBaeT,
YTO KOHTPOJb COCTOSIHUSI arperatoB HedrenepepadaTbIBalOIIUX 3aBOJOB SIBISETCS
aKTyaJJbHOM TEXHMYECKOM 3aJadyel 10 IPUYMHAM BBICOKOM IOXKapo- |
B3pHIBOONIACHOCTM  TPOM3BOJACTBA, a  TakXKe  HEOOpaTUMOCTH  CUTYallUi,
MPOUCXOMSIIUX TPU HAPYLIEHUH TEXHOJIOTMYECKUX PEKMMOB. B cooTBeTcTBUM C
3TUM ObUIa TIOCTAaBJIEHA CJeAylolas Ueidb padoTbl: pa3paboTKa CUCTEMBI
MOHMTOPUHIAa M KOHTPOJSL ~ COCTOSHUSL ~ TEXHOJIOTUYECKUX  OOBEKTOB
He(dTenepepadaThIBAIOIIUX  3aBOJIOB  HAa  OCHOBE  KOMIUIEKCHOTO  aHajiu3a
BUOPOIMApaMeTPOB U MPOYHX XaAPAKTEPUCTUK 000PYIOBAHUSI.

JUis MOCTHKEHHs TaHHOW 1eIM He0OX0IUMO PEIIUTD CIIEeIYIOIINE 3a1a4u:

- UI3yYUTh OCHOBHbIE HOPMATHBHBIE M OTpACIEBbIE METOAbl OLEHKH

HAJISKHOCTU 000PYIOBAHNS;
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- MPOAHATU3UPOBATH BIUSHUE TEXHUYECKOTO OOCITYKUBAaHUS HA TIOJICP KAHHE
HAJC)KHOCTH 000PYAOBaHHUS B MPOLIECCE IKCILTyaTallNH;

- ONIPEIENIUTh  YYBCTBUTEIBHOCTh  BHUOpOIMApaMeTpoB, KOTOpbIe  OyayT
UCIIONIb30BAThHCS B IpOrpaMMe JJisi 6JI0Ka aHallu3a COCTOSIHUSL 000y I0BaHUS;

- OCYILIECTBUTH BHIOOP U 0OOCHOBAHME BBIXOJIHOTO MapameTpa B OJI0Ke aHaIu3a
COCTOSIHUS 000PYI0BaHMUS;

- pa3paboTaTh CTPYKTYPHYIO CXeMY MpeJiaraeMoro 0JI0Ka aHaIN3a;

- ONUCaTh NPUHIUN (PYHKIUOHUPOBAHMS OJOKa M CHOCO0 oOmpeaeraeHus
BBIXOJIHOTO MapameTpa, MO3BOJSIONIETO OLIEHWBATH M MPOTHO3UPOBATH COCTOSIHUE
arperata MeEXAy TEXHHUYCCKHUMH OOCITYy)XKHBaHUSAMH, Ha TPUMEpPE OJHOU W3

HGHCHpaBHOCTGﬁ JJIs1 KOHKPCTHOI'O B4 O60py,I[0BaHI/ISI.
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2 Cnoco0ObI onpe/e/ieHNs COCTOSIHUS TEXHOJIOTHYECKOro 000py/10BaHHUSA

2.1 MeToabl OlleHKH NOKa3aTejeil HAAeKHOCTH 000py10BaHMS

2.1.1 HopmaTuBHbI€ METOJAbI /Jisi OLEHKH COCTOSIHUSI T€XHOJOTHYeCKOro

o0opyaoBaHMsI

B Hacrosimiee Bpemsi s OIEHKU HAJEKHOCTH CJIOKHBIX TEXHUYECKUX
MPOIIECCOB U UCIOJIb3YEMBIX B HUX BUJOB 000pYAOBaHHUS PaCIpPOCTPAHEHO OOJBIIOE
KOJIMYECTBO pabouell JOKyMEHTAIMU, CTAHIAPTOB, TEXHUYECKUX YCIOBUWA U MPOYEH
HOpMAaTUBHOM 0a3bl. PykoBojsmuit nokymeHT mo crangaptusanuu P/ 50-690-89
«MeToIbpl OIICHKH TOKa3aTeNIel HAJICKHOCTH 110 SKCIIEPUMEHTATIBHBIM JaHHBIMY [21]
SIBJISICTCS. OCHOBOIIOJIATAIOIIMM M3 HOPMATHBHO-TIPABOBBIX TOKYMEHTOB [22-24] miist
OLIEHKM HAaJIe)KHOCTU OOBEKTOB NPOU3BOACTBA. B JIOKyMEHTE yCTaHaBIMBAIOTCA
METOAbl  IUIAHUPOBAHMSI  ONPEACIHUTENbHBIX  HCIBITAHUM  HAa  HAJEKHOCTb
(9KCIUTyaTallMOHHBIX HAOJIOJEHUI) M OLEHKH IMOKa3aTeleld HaJeKHOCTH IO HX
pe3yJbTaTaM.

W3yunMm mopsok mpoBeAeHHUs padOT MO OLEHKE MoKa3aTesneld HaleKHOCTU
cormacHo PJ] 50-690-89:

a) BBIOOp TUIaHA MCIIBITAHUI HA HAJIS)KHOCTB;

0) TUITaHUPOBAHKME UCTIBITAHUN;

B) cOOp HEOOXO0IMMON MH(POPMALINY;

I) cTaTUCTHYECKass 00paboTKa HH(POPMAIIUH.

[Inan ucmBITaHWN HA HAJACKHOCTH OMPEACIISICT YHUCIO OOBEKTOB HCITBITAHHM,
NOPSIJIOK MX MPOBEJEHUsI (BOCCTAHOBIIEHHE PabOTOCIOCOOHOTO COCTOSIHUSI OOBEKTa
nocie OTKa3a, 3aMeHa OOBbeKTa WM 0e3 BOCCTAaHOBJIEHUS M 3aMEHbI), a TaKxKe
KpUTEPUU  TpEKpamieHuss UcnbiTanuii. OO0BEKTaMU  UCHBITAHUN  SBISIIOTCS
OJIHOTUIIHBIE W3JENUsl, HE HUMEIIIHE KOHCTPYKTUBHBIX OTJIWYUH, KOTOpPbIE
M3TOTaBIIMBAIOTCS MO OJTHOM M TOUM K€ TEXHOJOTUM M HCHBITHIBAIOTCS B PABHBIX

YCIIOBHUSIX.
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[[nanupoBaHWe WCMBITAHUNA HA HAASKHOCTh MPEIyCMATPUBACT TOI00P
HEOOXOMMMOro 00beMa HCIBITAHUN JUIsl ONMpEAENICHUs OIICHOK ITOKa3aTeseH
HAJeKHOCTU C 33JaHHOW TOYHOCTHIO (OTHOCUTENBHOM OIIMOKOW € B OICHKE
IOKa3aTesl HaJIS)KHOCTH ) U JJOCTOBEPHOCTHIO (JIOBEPUTEIHHON BEPOSTHOCTHIO ().

HeoOxoaumyio wuHoOpmanuio s OLEHKM TOKa3aTesled HaJeKHOCTH
pa3AeIsIoT Ha 1Ba BUAA!

- OKCTICpUMEHTAJIbHAasE WH(pOpManus O HapaboTKax pabOTOCIOCOOHBIX W
HEepabOTOCTIOCOOHBIX OOBEKTOB MUJIM UX YaCTel;

- uHpOpMAIUA O CTPYKType OOBEKTa, B3aMMOJICHCTBHHM COCTABHBIX YaCTEH,
MPUHATHIX CIIOCO0aX pe3epBUPOBAHUS, MIPEACTABIAEMAasl B BUJE CTPYKTYPHOU CXEMBI
HaJIC)KHOCTHU.

DKcrepuMeHTaNbHass WHPOpMAIIUs, B CBOIO OuYepeilb, TaKXKe MOJpa3aeseTcs
Ha JiBa BHUJIa: OCHOBHYIO, ITOJYYEHHYIO B PE3YJIbTATE UCIBITAHUNA WIU JKCILTyaTalluH
00BEKTa UCCIEAOBAHMS/Er0 COCTABHBIX YacTel, U JOMOJHUTEIbHYIO, MOJTYYCHHYIO B
pe3yabTare MCHbITAHUW WIM JKCIUTyaTallud OOBEKTOB-aHAJIOTOB, OOBEKTOB-
MPOTOTUIIOB WJIM AHAJIOTOB C OTJIMYHBIM OT HCCIEAYEeMOro OOBEKTa PEKUMOM
WCIIBITAHUM WJIA SKCILTyaTaluu.

B kagecTtBe mpumepa, ucxoHON MHGOPMAIUEH MOTYT CIIYKUTh BHIOOPOYHbBIE
3HAaYEHHUS HapaOOTKH JI0 0TKa3a, CPOKa CIIy>KObI, BpeMEHH BOCCTAHOBIICHHUS U T.II.

3aKIIOYUTENbHBIA 3Tall — CTaTHUCTUYECKas 00paboTka HHQPOpMALMH IS
OLICHKH MOKa3aTelisi HaJIe)KHOCTH, OCYIIECTBIIAETCS ABYMSI METOJIAMH:

- HemapaMeTpUYECKUii METOJi TMPU HEU3BECTHOM 3aKOHE paclpeiesieHus,
BKJTIOYAIOIINI HEMOCPEACTBEHHYIO OLICHKY MTOKa3aTeel HaJIeKHOCTH;

- MAPAMETPUYECKU METOJ, B KOTOPOM 3aKOH paclpelesieHUus] W3BECTEH,
BKJIIOYAIOIINI TakKe OLICEHKY MapaMeTpoB 3aKOHA pPaCHpeaesiCHUs, BXOMISIINX B
dbopmyiy pacuera OIEHMBAEMOTO TOKa3aTelis HaJACKHOCTH, U OILCHKY TOKa3aTess
HAJIC)KHOCTH T10 BEIYMCIIEHHBIM OIIEHKaM MapaMeTpPOB 3aKOHA paclpeaeiCHUsI.

[TapameTpuueckue METObI OLICHKH MMoKa3aTejeu HaJCKHOCTH,

ycraHoBiaeHHsle B PJI  50-690-89, mnpumeHstoT Ui SKCIOHEHIMAIBHOTO,
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HOPMAJbHOTO,  JIOTHOPMAIbHOTO U JU(DPY3HMOHHBIX  pacupeleeHUuid |

pacnpenenenus BeitOyma B cuTyanusx, yka3aHHbIX B Ta0mmie 2.1.

Tabnuna 2.1 — TumoBble cuTyauuu g MapaMeTPUUIECKOrO0 METOJ]la OLICHHWBAHUS

noKasaresiel HaJaeKHOCTH [21]

O6o3HaueHue
TUIOBBIX Kpartkoe onucanue TUIIOBBIX CUTyalui
CUTYalMil
TC-1 OpHOTUIIHBIE M3/ETIUS HAXOAATCA B OJAMHAKOBBIX YCIOBHUAX M IOKa3aTesd
HAJEC)KHOCTH 3TUX JIEMEHTOB OJUHAKOBBI
TC-2 OpHOoTUIIHBIE M3JENNS HAXOAATCA B PA3IUYHBIX YCIOBUAX. M3BecTHBI

OTHOIICHUS IMapaMCTPOB 3aKOHOB paCpEACICHUA DJICMCHTOB

OpHOoTUIIHBIE M3IENINSA HAXOAATCA B PA3IUYHBIX YCIOBHAX. I3BecTHBI
TC-3 JMAINla30Hbl HM3MEHEHHs OTHOLICHUS [apaMeTpoOB B 3aBUCUMOCTH OT
HAXOXK/JICHUs B T€X WIU MHBIX YCIOBUAX

OIIHOTI/IHHBIG HU3ACINA HAxXOoAATCA B pPa3JIMYHBIX YCJIOBHAX. 3aBeIl0MO

TC-4
N3BCCTHO, YTO IMMOKA3aTCJIM B OJHUX YCIIOBHUAX 60J'H>H_IC, 4YCM B JPYIrux

Takxke, K 3TOMy METOJy MOXHO OTHECTHM BapUaHT, KOTJIa BUJ (DYHKIIUH
pacmpenesieHusT 3apaHee HE W3BECTCH, HO Ha OCHOBAaHWM aHaJIW3a OCHOBHBIX
MEXaHU3MOB OTKa30B MPUHUMAETCS TUIIOTe3a O BUJE pacmpenencHus. Heooxoammo
JaTh OIICHKY MapaMeTpoB IMpeajiaracMoil (QyHKUHUU pachpenesieHus U MPOBECTH
MIPOBEPKY HETPOTUBOPEUUBOCTH IKCIIEPUMEHTAIBHBIX JAHHBIX MPUHATON THITIOTE3€E O
Buzie QyHKIMK pacripenenenus [21].

HemapameTtpuuecknii METOJT OIIEHKH TTOKAa3aTeJIed HAJIeKHOCTH NMPUMEHSIOT B
MIPEAMOI0KEHUU:

- BUJIl 3aKOHOB paclpesiesieHus HapaOOTKM O0BEKTa W O00BbEeKTa-aHaiora
HEW3BECTHBI,

- OIIECHUBAEMbIA OOBEKT M OOBEKTHI-AaHAJIOTH HAXOJATCI B OJUHAKOBBIX
YCIIOBHUSIX;

- HOMEHKJIaTypa TIIOKa3aTele HaJe)KHOCTH OIICHMBAEMOTrO OOBEKTa W
00BEKTOB-aHAJIOTOB COBMAIAIOT.

B HemapamerpruyeckoM MeToIe 3a7ada onpeaesieHrus PYHKIUU pacpeecHus
U ec IapaMeTpOB HE CTaBUTCA. HeoOXOAMMO OICHWTH 3HAYCHHs ITOKa3aTeleH

HaJCKHOCTH OLICHUBACMOI'O O60py,Z[OBaHI/I$I 110 SKCITYyaTallTHOHHBIM JIAHHBIM.
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[Tocne ompeneneHus OIEHOK BBIMONHICTCS TIOMCK 3aBUCUMOCTH MEXIY
MoKa3aTeseM HaJeKHOCTH U HapaOOTKOM 000pyA0BaHUS.

[TonpoOHee MeTOAMKa BBIYHUCIACHHS OIGHOK TIOKa3aTesleld HaJAe)KHOCTH
ornucana B mpuioxeHusx PJ[-50-690-89, a Taxxke B Apyrux HHPOPMAIIMOHHBIX
UCTOYHHUKAX O HAJICKHOCTH TEXHUUECKUX crucTeM [21-24].

Pe3ynbTarhl BEIYUCIICHUH TIPECTABISIIOT B BUJIE OIICHOK JIBYX BUJIOB:

a) TOYCYHBIC OIICHKH, TIOKA3BIBAIOIIHNE 3HAYCHIE HICKOMOTO TTapaMeTpa;

0) MHTEpBAJILHBIC OIICHKH, YKA3bIBAIOIIUE MpEACIbl, B KOTOphIC IOMAIAI0T
TOYEUYHBIE OIICHKH C ONPEACIEHHON BEPOSITHOCTHIO.

Onenky apamMeTpoB pacnpeneneHui BBITIOJTHSFOT METOIOM
MoCJIeIOBaTENbHBIX MpUOMKeHUl. B kadecTBe pesysibTaTa MpPOBENEHUS OICHKH
HAJCKHOCTH OO0OpyAOBaHHMS 10 MeToAwKe, cozaepxkamieiics B PJ[  50-690-89,
MpeacTaBisgeTcss HHGOPMAIHS O HAJEKHOCTU UCCIEAYEMOrO THUIAa TEXHOJIOTUYECKOTO
000py0BaHUS IO IKCIIEPUMEHTAIBHBIM JaHHBIM.

PaccmarprBaemass MeToAMKa MMEET HEKOTOpPBIE OTPHIATEIIBHBIC YEPTHI, UTO
HOJTBEPKIACTCS pa3IMYHBIMU MCCIIeI0BaHUAME [25].

ManocepuiiHOCTh W YHUKAIBHOCTh OOBEKTOB MPHBOJUT K BO3HHUKHOBCHUIO
OTPaHUYCHHOW CTATUCTUYECKON MH(POpPMAIUA O BO3HUKAIOMIMX OTKAa3aX, 4To JesiaeT
3aTPyAHUTEIIBHBIM NMPUMEHEHNE METOIUK, MpeicTaBieHHbIX B PJ[-50-690-89.

Eme omHMM HEZOCTaTKOM TMPEACTAaBICHHOW METOJHWKH  SBISCTCS €€
cTaTUCTHYeCKui  xapaktep. [lokasarenm, TmojyIexaiiue OIICHKE, SIBISIOTCA
YCPEIHCHHBIMU 3a KpPYIHBI BpPEMEHHOW IEepHOoJ, TO3TOMY IPOTHO3 C TaKUMH
JTAHHBIMHU 0€3 ydeTa MPUYMHHO-CICACTBEHHBIX CBSA3CH M (DYHKIIMOHATBHOTO aHAIHM3a
MoieNIel HaJIe)KHOCTH 00bEKTOB HOCUT PUOJIMKEHHBIN XapaKTep.

[IpobGyiiema OTCYTCTBUS PEACTABUTEIBbHBIX BRIOOPOK 00 OTKa3ax B OTIEIbHBIX
cllydasix JesaeT HelenecooOpa3HbIM BbiMmoiaHeHHe pekomenaauuid PJ{ 50- 690-89 u

AHAJIOTUYHBIX JTOKYMCHTOB.
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2.1.2 OtpacieBble MeTOAbI /IS OLEHKH COCTOSIHUSI TE€XHOJOTH4eCKOro

o0opyaoBaHMs

Mmuorue npeanpusatust HererazoBoi oTpaciu, kak B Poccuiickoit denepanun,
TakK U BO BCEM MHUpE, B KauyecTBE IOKazaTelied HaJIe)KHOCTH TEXHOJOTUYECKOIrO
000OpyZIOBaHUSI HCIOJIB3YIOT OLIEHKH HapaOOTKM Ha OTKa3 W MEXPEMOHTHOTO

nepuoaa [26], pacuerHbie popMyIIBI KOTOPBIX MPEACTABICHBI B TA0OIHIIE 2.2.

Tabmuma 2.2 — Pacyetr HapaOOTKH Ha OTKa3 U MEXPEMOHTHOTO TIEPHOIa

OneHka dopmyna s onpeeaeH s
1 N
T=2=>t,
N =
rne N — KkomndecTBO OTKa3oB OOBEKTa 3a
Hapaborka Ha oTKa3 CKOJIB3SIIIIHMA rof (mepuon BPEMEHH,

OpeIUIecTBYIONMI  naTe  pacuera); G —
HapaboTKa 10 OTKa3a OOBEKTOB, OTKAa3aBIIMX
3a paCCMaTPUBAEMBbIN CKOJIB3SIIMI IO

1 N
T==>T,
N =
rie N — komuuecTBO OTKa30B OOBEKTa 3a
N
MexpeMOHTHBIN IEPHO/I CKOJB3SIINN  TOJI; Z:TS —  CyMMapHOe
i=1

oTpaboTaHHOE€  BpemMsi  pabOTalIMMH U
OTKa3aBIIUMHU YyCTAaHOBKAMHU 3a CKOJIB3SIIUN
roj

[To mosy4eHHBIM OIIEHKaM MO>KHO KOPPEKTHpPOBaTh HapabOTKy 000pyaOBaHUs
0 MOMEHTa peMoHTa. [loTeHIMaNbHBIM pe3yiabTaT KOPPEKTUPOBKU — CHUYKEHHUE
KOJIMYeCTBa OTKAa30B M, KakK CIeACTBUE, OoJjiee MPOJODKUTENIBHBIA  CPOK
AKCILTyaTalli 000pYIOBAHHUS.

OpHako MpH pacyeTe BhIIICYKa3aHHBIX OLIEHOK UCKYCCTBEHHO OTPaHUYUBAETCS
00BeM MJaHHBIX, MOJICKAIIUX aHaMu3y. PacueT MpOBOAWTCS TO OrPaHUYCHHON
BBIOOPKE, B KOTOPOM cOAepk aTcsl JaHHbIE 3a CKOJB3ALIUM Troj, YTO (PaKTHUEeCKH HE
MO3BOJIAET YYECTh MOKa3aTeau, NPeaIeCTBYIONINEe 3TOMY MHepruoay. Takxke, OlUeHKU

3aBUCUMBbI OT BpPEMCHHU H8_6J'IIOJI€HI/I$[, dTO CHHKACT HMX OOCTOBCPHOCTD. HpI/I
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MOBBIIICHUH BPEMEHU HaONIOEeHUs HapabOTKa Ha OTKAa3 OCTAeTCA MPUOIM3UTETHHO
IIOCTOSIHHOM, a BEpOATHOCTh OTKa3a BO3PACTaeT, COOTBETCTBEHHO CHMXKAeTcs
MEKPEMOHTHBIH MEPUO/I.

PaccMoTpuM sapyrue MeTOAbl, TpeiaraéMble WM UCIOJIb3yeMbIE B
HeTera3oBol OTPACIH Ui OLIEHKU TOKa3aTesei HaJeKHOCTH.

CymiecTByeT METOJIMKA OIpPENeTIeHUs] COCTOSHUS O0O0BeKTa Ha OCHOBE
HEWpOCEeTeBOro0 aHanM3a SKCIUTyaTallMOHHBIX IOKas3areneld obopynoBaHus [27].
Takoli  Meron  TMO3BONAET  HAACTUTh  CHUCTEMY  MOHHUTOPMHTA  BBICOKHM
ObIcTpozeiicTBHEM (B OTIMYME OT KIACCHYECKHX CHUCTEM, ITOCTPOCHHBIX Ha
JMHEWHOM aHaJIN3€) MPH TOCTATOYHO BHICOKOM Ka4eCTBE KIACCU(PHUKAIINN COCTOSTHUMA
obopynoBanusi [27]. B mpemiaraeMoM MeToAe IS CHEIUAIBHOTO YCTPOWCTBA
UCTIONB3YIOTCS. HECKOJBKO BXOJHBIX IMapaMeTpoOB, TaKUX Kak TeMIleparypa
3JIEKTPOJIBUraTElIsl, HANpsDKEHHUE 1Mo (pa3e, TOK Mo (a3e, CONMPOTUBICHUE W3OJISLNH,
JaBJICHUE Macjla JJIEKTPOABUraTedsi M 4YacToTa BHUOpalMK 3JIEKTPOJBUIATEIS,

KOTOpBIE MPeoOpa3yroTcs Mo cieayriie popmyre:

6 S
_ (haxr;
NCI/ICT - - Ki’ (21)
i=1 Snacni
rac S — (I)aKTI/ILIeCKI/Ie 3HAYCHU IIapaMCTPOB,

aKT;

Snacni — INAaCIOpPTHBIC 3HAYCHUA IApaMCTpPOB, 110 AOCTHKCHHU KOTOPBIX

000pyZI0BaHUE BXOJIUT B aBAPUHHOE COCTOSHUE;

6
K; — BecoBoii k0a(hHIMEHT KaXKJ0ro BXoAHOro mapamerpa, » K; =1.
i=1

3arem, MOJTy4YEHHbIC JTaHHBIE 00pabaTbIBatOTCSA c ITOMOILLIO
Kiaccuumupyromedl  HEUWpOHHOM ceTH W 000pYIOBaHUIO, I  KOTOPOTO
OTIPEICISUIOCh TEXHUYECKOE COCTOSHUE, MPUCBAUBACTCS KJIACC, COOTBETCTBYIOIIMMA

ONPEAECICHHBIM PEKOMEHAAIUAM IO JaTbHEHIIEH SKCILTyaTaIUH.
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Taxxe cyliecTByeT METOA OMNPEICNICHUsT COCTOSHUS OO0BEKTa HAa OCHOBE
OLICHOYHOI'0 IOKa3aTeNsl, UMEHYEMOIO0 KaK «YpPOBEHb TEXHUYECKOI'O COCTOSHUSD)
[28]. 3mech, ypoBEHb TEXHHUYECKOTO COCTOSHHUS — 3TO KOMIUICKCHBIM ITOKAa3aTellb
arperaTta, ONpEIEIsEMbIi Ha OCHOBE KOJMYECTBEHHBIX OLICHOK KayeCTBEHHBIX
MoKasaTesied OT/AENbHBIX Y3JIOB, BBISIBICHHBIX B XOJ€ JMAarHOCTHUPOBAHUS arperara
[28].

TexHuueckoe COCTOSIHHE OOOpYAOBAaHUS  ONPENENsAeTCI C  MOMOILBIO
JMAarHOCTUPOBAHUSI COOPOYHBIX €/IMHUII, COCTABHBIX YacTell, Oonpe/iesieHns KauecTBa
cOOpKH, peryinupoBkd U 1p. [Ipym 3TOM OLEeHMBaeMbIM MOKA3aTENSIM, B TOM YHCIIE U
Ka4eCTBEHHBIM, IIPUCBAMBAIOTCS KOJMUYECTBEHHBIE 3HAUCHMS, YCTAHOBJICHHBIC
CIIPaBOYHO-HOPMATHBHOM  JIOKYMEHTalUMed W TM[pU MNOMOIIM  IKCIEPTHOTrO
OLICHMBaHUs. B 11e10M, KOMIUIEKCHBIA TOKA3aTellb COCTOUT U3 OLUEHOK Ka)J0ro U3
apaMeTpOB, OTPEICSIEMbIX B X0/1¢ AMarHOCTHpOBaHus [ 28].

JIns pacuera ypOBHSI TEXHHMYECKOIO COCTOSIHHS KAueCTBEHHbBIE ITOKA3aTEIn
MEePEBOJIAT B KOJUYECTBEHHBIE, T.€. COOTHOCIT UX C HOPMATUBHBIMU 3HAYEHUSIMHU.

3HadyeHue onpeaesitonero ¢pakropa Q; pacCUuThHIBaeTCS 10 ClICAyIOmEeH Gpopmyre:

D, -D
— k kIim
=5, o &2
k3T klim
rne D, Dy~ — 3HA4YCHHS M3MEPEHHOTO IIOKa3aTelis k-ro IMarHoCTUYECKOro

napameTpa OLEHMBAEMOI0 OMPEIEAIOEro GakTopa U HOpMaTUBHOTO (0a30BOrO);

Dk| — HIPCACIIbHO AOIIYCTHUMOC 3HAYCHHC IIOKA3aTCJLA k-ro JUAarHOCTHYCCKOI'O
m

napamerpa.
[TomHOE TEXHWYECKOE COCTOSIHME OOBEKTa XapaKTePU3YIOT KaK COBOKYITHYIO

dbynaknuo TC BXoagmux B HETO JIEMEHTOB:

V.. =v(4(f(D))). (2.3)
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OmHako I CJOXKHBIX CHCTEM HEKOPPEKTHO HWCIOJIb30BAaTh  TaKYIO
3aBUCUMOCTh, TaK Kak (DaKTOpbl B OOJBIITMHCTBE CBOEM HWMEIOT PA3IHYHYIO
3HaYUMOCTh. [lodToOMy B 3TOM MeETOJEe mpeiJiaracTcs HCIOJb30BaTh BECOBOM
KOA(hUIIMEHT,  yCTaHaBIMBAa€MbIH B  3aBUCUMOCTH  OT  OIpeAessieMoi
XapakTepucTuku Qaktopa [28]. BecoBoit koddduImMeHT ompeaenseTcs AByMs
criocobaMy: aHaJUTHUYECKUM WM JKCHEPTHHIM. bBOJNBIIyI0O TOYHOCTH JaeT
AHATUTHYECKUN CMOc00, OCHOBAaHHBIM HAa MPUMEHEHWH PETPECCHOHHOTO WIIN
KOPPEJSIIIHOHHOTO aHAJIN3a, HO B 3TOM METOJIE HCIIOIb3yeTCsl DKCIIEPTHBIN TOIXO.

[To maHHBIM OIpoca 3KCHEPTOB I KaKIOTO (DakTopa HAXOIAT CpeaHee
3HAQYEHHE BECOMOCTH ;. TOIBKO mOCIE 3TOro OnpeAensroT mokasarens obmero TC

arperara:

y =2 . (2.4)

2.2 BiusiHue TeXHHYECKOIo OﬁCJIy)KI/IBaHI/IH HA MOAJACPKAHNEC HAACKHOCTH

B YCJIOBHMAX IKCILIYaTalluH

CnoxHble TEXHUYECKHE CHUCTEMbI, K KOTOPHIM OTHOCAT W OOOpyJOBaHHE
HeTenepepabaThIBAIOIUX 3aBOJIOB, TPEOYIOT CHUCTEMATHYECKOTO OOCTYKHBaHMS,
KOTOpoe OBIBa€T JBYX BHJOB — HEIUIAHOBBIM U IUIAaHOBBIM. HermmaHoBoe
oOCTy’>KMBaHUE TMPOBOJUTCS JUIsI BOCCTAHOBJIEHUS PaOOTOCIIOCOOHOCTH CHCTEMBI
MOCJI€ BO3BHMKHOBEHUSI OTKAa30B, MJIAHOBOE (MPOPUIAKTUYECKOE) OOCIYKHMBAaHUE —
JUTSL TIPEIOTBPAIICHUS] POCTAa MHTEHCUBHOCTH TOTOKAa OTKa30B. [Ipodunakruueckue
OCMOTPBI, padOTBl U PEMOHTHI, BBITIOJHSCMBIE CHCTEMATHYECKH, OTHOCAT K YHUCITY
HamOoJiee  JICHCTBEHHBIX  CIOCOOOB  TIOJMICP)KAHMUSI  HAJEKHOCTH  CIIOKHBIX

TCXHUYCCKHUX CHUCTCM.
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B kauectBe kputepus 3pQGEKTHBHOCTH TEXHHUYECKOTro oOciyxuBanus L(t), B
o0IIeM ciTy4ae, MOKHO B35Th (PYHKIIMIO IPOIIECCOB HM3MEHEHHS TPEX CITydalHBIX
BEKTOPOB — BEKTOpa X YCJIOBHS NMPUMEHEHHS H3ICIHs; BEKTOpa Y XapaKTEpHUCTHK
HAJIC)KHOCTH HM3JIeIHUs; BeKTopa Z KBaM(uKauy 00CITy)KHBaroIiero nepconana [29].
[lepeuncieHHbIe BEKTOpA MOTYT OKa3bIBaTh B3aMMHO TPOTHBOIIOJIOKHBIC BIIHSIHHSI HA
nokasatenb J(PQPEKTUBHOCTH, TOITOMY BO3HHUKAET BOMPOC OO0 ONTHUMAaIbHOM
TEXHUYECKOM 00CITyXuBaHUU. TakuMm oOpazoM, B OOIEM cilydae 3ajiada CBOJIUTCS K

HaX0XXJICHUIO ONTUMAJIBHOU (PYyHKIINH
L(t)=p{X(t),Y(t).Z(t)}. (2.5)

OOmiee pemieHWe S5TOM 3aJadyM JOBOJIBHO CJIOKHOE M TIOKa HE HAIIo
IPAKTHYECKOTO MPUMEHECHHS, OJTHAKO HEKOTOPHIC YaCTHBIC PEIICHUS HCITOJIB3YIOT MX
Ha TPaKTHKE.

M3BecTHO, 4YTO TEXHHYSCKHE OOCIY)XMBaHHS  MOTYT TIPUBECTH K
IPOTUBOIMOJIOXKHBIM ~ TIOCIEACTBHSAM: C OJHOW CTOPOHBI, OHHM MPHUBOJAT K
MOJIICPYKAHUIO HAJS)KHOCTH TEXHUYCCKUX CHCTEM; C JIPYTOM CTOPOHBI, IIOCIE
BBITIOJTHCHHMSI ~ TEXHUYECKMX  OOCIY)KMBAaHUH  BO3MOXKHBI ~ HapyHICHUS:  TIPH
PETYJIMPOBOYHBIX paboTaxX, MOKPHITHA W YIUIOTHEHUH, HE3HAYUTCIIbHBIC HAIOMBI
JeTaled W JApyrue MojoOHbIe HApYyIICHWs, B PE3yJbTaTe 4YEero YBEIMYHMBACTCS
WHTCHCHUBHOCTh OTKa30B. B 3TOM ciydyae mpoduiiakTHKa OKa3bIBAeT OTPHUIATEILHOE
BIUSHUC HAa XapaKTCPUCTUKW HAJACKHOCTH H3JCTUs, a TaKKe YBEIMYHUBACT
MaTepUajIbHBIC 3aTPaThl Ha COACpKAHUE TEXHHUKH [29)].

[Tpu paccMoTpeHuu Borpoca O panruoHaTbHOM TO HEOOXOJAMMO ONPEISITHTh
P ONTHMAIBHBIX XapaKTEPUCTUK, TAKUX KaK IMEPUOJUIHOCTh MPOPUITAKTHKH,
00BbEM BBIMOJHICMBIX PA0OT, KOJUYECTBO CICIIHAIMCTOB, BpPEMs IMPOBEIACHUS
npO(UIAKTUKNA, CTOMMOCTh TEXHHYECKOTO OOCTYXKHBAaHUS C YYETOM IOSIBICHUS
OTKa30B Mociie npoduiaktuku u T.1. [IpoduaakTuka MOKeT 0Ka3aThCsl ONTUMATBHOMN

UL OAHOM W3 IIEPEUUCIICHHBIX XapaKTePUCTUK W HEBBINOJAHOM [UId JPYrou
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xapakrepuctukyd. Onpeaenuts ontuMmaibHoe TO ¢ y4eToM MEpPEeUUCICHHBIX
XapakTepPUCTUK MOKHO JIMIIb TOCJIE THIATEIRHOIO HM3Y4YEHUS BCEX (PUBHMUECKUX
MPOILIECCOB.

Ompenenum  3QGEKTUBHOCTH  OOCITYy)KMBaHUS B 3aBUCUMOCTH  OT
UHTCHCUBHOCTH o(t) MOTOKAa OTKAa30B CHCTEMBI, MPEICTABIACMYIO B BHUJIEC CYMMBI
HECKOJBKUX IMOTOKOB, BBI3BAHHBIX CIy4YalHBIMU OTKa3aMH, CTapEeHUEM U HU3HOCOM
AJIEMEHTOB, Pa3peryJIupOBaHUEM U HEOOXOAMMOCTBHIO MEPEOCBUICTEILCTBOBAHUS U
3aMEHbl CMa3KH, a TakKe MOCIeNpO(PUIAKTUYECKUMU OTKa3aMU, MPOUCXOAIIUMU
BCJIC/ICTBUE MEXAHMYECKUX BO3JCHCTBHII Ha »3JIEMEHThI M Yy3Jbl B MpoOliecce
TEXHUYECKOTO 00CITyKUBaHUSI.

[IpakTnka »SKcITyaTalMd W3AEIUNA MAIIMHOCTPOEHUS I[IOKAa3bIBAET, YTO
HauOoJIbIIEE BJIMSHUE HA MU3MEHEHUE MOTOKA OTKA30B CHUCTEMbI OKa3bIBAET MOTOK
OTKa30B, BBI3BAaHHBIN pa3peryinupoBaHuEM U HEO0OXO0IUMOCTHIO
MEPEOCBUJIETEIIbCTBOBAHHUSI M 3aMEHbl CMa3Kd OTHEJIbHBIX Y3JIOB. OJTOT IOTOK
OTKa30B, B OOJBIIMHCTBE CBOEM, OMpeaesseT HeoOxoaumocTb mpoBeacHus TO. B
KauecTBEe NpHMeEpa PACCMOTPUM CIlydaid, KOTJla MPeoOIalatoiuM SBIISETCS MOTOK
OTKa30B U3-3a Pa3peryMpoOBaHUs U HEOOXOJAMMOCTH MEPEOCBUICTEILCTBOBAHUS, A
CYMMapHBIi MOTOK ®¢(t) CIy4alHBIX W M3HOCOBBIX OTKA30B OyJET MOCTOSHHBIM U
HE3HAUUTEIbHBIM. B paccMarpuBaeMoM ciydae [Mpd HA3HAYEHUU ME€pUOAA
ouepenHoro TO HEOOXOAMMO YUUTHIBATh PACTYIIYIO HHTEHCUBHOCTh IMOTOKA OTKA30B
M3-32 PA3pEryjJupoBaHUs W TEPEOCBUICTEIBLCTBOBAHUA W  CHUIXKEHHE OATOM
WHTEHCUBHOCTH MOCJE TPOPUIAKTUUECKUX PadOT.

N3meHeHnue cymMMapHOro MoToKa OTKa30B MIPEICTaBICHO Ha pucyHke 2.1.
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Pucynok 2.1 — M3meHeHre cyMMapHOT0 MOTOKA OTKA30B B MPOIIecce IKCILTyaTaluu

AHanmu3upysi rpaduK U3MEHEHHUs IMOTOKAa OTKA30B, CIEAYyET OTMETHUTh, YTO
IIOCJIC 3aBEPIICHHUS TEXHUYECKOTo OOCITyKMBaHMs Ha ydacTke Bpemenu (0, ty) maer
IUTABHOE YMEHBIIICHHE CYMMAapHOI'O TOTOKAa OTKa30B, a Ha ydactke (i, t)) — ero
pe3koe yBenauueHwe. B MoMeHT t, Ha3HayalOT O4YEepeAHOE TEXHUYECKOE
oOcCy>KMBaHHE, MOCIIE KOTOPOTrO B PE3yJIbTaTe OTKA30B, BEI3BAHHBIX MEXaHUYECKUMU
BO3JICUCTBUSIMU OOCITY>)KMBAIOILIETO TE€PCOHANa, 0 MOMEHTa 13 HE3HAYUTEIbHO
BO3pPACTAaET UHTEHCUBHOCTh CYMMApPHOI'O MOTOKAa OTKA30B, a 3aT€M UJET YMEHBILICHHUE
MOTOKA, W 3TOT MPOUECC IMEPUOJUYECKH TOBTOPSIETCA OT OJHOTO OYEPEIHOTO
oOciyxuBaHusi K Japyromy. Ha mpakThke 3a4acTyr0 CymMMapHas HUHTEHCUBHOCTH

notoka oTka3zoB m¢(t) mocie mposeaeuus TO BbIpaxkaeTcss 3aBUCMMOCTBIO Bra [29)]

o, (t) = o, exp(—At). (2.6)

3HayeHns KO3(PPUIMEHTOB ®; M A BO MHOIOM 3aBUCAT OT METOJOB

o0CITy>KUBaHUS CHUCTEMBI. [Tpu JIOCTATOYHO HHM3KOMH KBaJTU(UKAIUH
00CTY)KHBAFOIIIETO TIEPCOHAJIA W TIJIOXOM OpraHW3aluy TPYJla 3HAYCHHS TapaMeTpOB
MOTYT OBITh TakKuMH, 4TO TO OyneT TUIIh CHIKATh HAJIEKHOCTH 000PYA0BaHUS.

[Ipu  Ha3HayeHWUW  Tepuoaa BpeMeHH [,  MeXAy  TECXHHYCCKUMHU
OOCIY>KMBAaHUSIMU  LIEJIECOOOPA3HO HCXOAUTh U3 YCJIOBHUS, YTOOBI CpeaHss

WHTEHCUBHOCTH MIOTOKA OTKA30B CUCTEMBI 3a 3TO BpeMs Oblila MUHMMaIbHOH [29)]:
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oy, =— [ o(t)dt =min, 2.7)

e o(t)=o, (t)+o,,(t)+o(t);
@, — TIOTOK OTKA30B M3-32 PA3PeTyINPOBAHHS;

@, (t) — MOTOK 0TKA30B ITOCIE MEPEOCBH/ICTEIBCTBOBAHIS 1 MPODUIAKTHKN.

Pemienrie ypaBaenus (2.7) ynooHee HaxXoquTh rpadpuuecku (cMm. puc. 2.1).

2.3 AHAaJIM3 3HAYHUMOCTH BHﬁpOXﬁpaKTepHCTHK AJIA AHATrHOCTHYECCKOI0O

MOAYJd CHCTEMbI MOHUHTOPHHI' A

OCHOBHBIMHU JIaHHBIMH, IOJIy4a€MbIMH CHCTEMON MOHUTOPHUHIA, SIBISIOTCS B
NEPBYIO OYEpeab BHUOPOXApAaKTEPUCTUKHM U TOJBKO 3aT€M IpPOYUE TEXHUYECKUE
napameTpsl. Crenyer yCTaHOBUTh, KaK C TIOMOIIBIO CYHUTHIBAEMBIX JaHHBIX
IPOrHO3UPOBATh OTKa3 00OPYIOBAHMS C ONPEACIEHHOW TOUYHOCTHIO, a TAKXKE KAaKUM
00pa3oM MO>KHO MOBJIHUATh HA TOYHOCTh ONPEAEIICHHS OTKA30B.

BonbmMHCTBO crCTeM HEMPEepPHIBHOTO KOHTPOJIS M IMATHOCTUKHA TEXHHUUECKOTO
COCTOSIHUA 00OpY/IOBaHUS, OCHOBAaHHBIX Ha aHAJIU3E€ BUOpOMOKasarenel, padoTaroT
10 MPUHLMUITY NPSAMON nepenayr nHpopmManuu ¢ JaTuvka (BUOpoakceaepoMeTpa) Ha
Moyab cOopa u ananu3a gaHHbIX [30]. B momyne cOopa u 1udpoBoit 00paboTKu
JNaHHBIX [0 ONPEICJICHHOMY aIroOpuTMy, HalpuUMep, pacueTy U CpPaBHEHUIO
CPEIHEKBAJPATUYHBIX 3HAYEHUI BUOPOCKOPOCTH C MpPEAENIbHBIMU yCTaBKamu 1o 16
criekTpasibHbIM 1osiocaM [30], HermpepsIBHO coOHMpacTcs ¥ 00padaThiBaeTCs CUTHAIL.
B cnyudae mnpeBbllIeHUs TPEeayNpelIuTEeIbHOTO YPOBHS cpabaThiBaeT aBapuiiHas
CUTHAJIM3aIMsl, THPOPMHUPYIOLIas IEPCOHANI 0 HEOOXOANUMOCTH MPUHSTH Mepbl. Eciu
BUOpallMM TIPEBBICAT aBAPUNHBIA YPOBEHb, arperar MOXeT OBITb OCTaHOBJICH
aBTOMATUYECKHU.

Takum o00pa3om, KiIOYEeBas EAUHUIIA B MOJECPHUBHPYEMOW CHCTEME
MOHUTOpHUHTa — OJIOK (MOJyJib) cOOpa M aHajau3a MapaMeTpoB, TaK KaK C MOMOUIBIO
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3TOr0 MOIYJIA, @ TOYHEE alNrOpUTMA, 3aJ0KEHHOTO B HEM, OyAeT OCYIIECTBIATHCA
OTNpe/eNieHue TEKYIIero COCTOSHHUS OOOpYIOBaHMS U €ro MPOTHO3WPOBAHHE.
BcenenctBue 3TOro BCTAaeT BONPOC O BO3MOXKHOCTH peAIM3alvid  YHUKAJIBHOTO
IpPOrpaMMHOTO KOJa Ha OCHOBE KakKOW-TMOO KJiIacCHU(PHUIMPYIOIIETO aHalIn3a,
JIEPEBbEB PEIICHUM, HEUPOHHBIX CETEU U TIp.

BosBpamasce kK BOOpoCy O BO3MOXHOCTH C TOMOIIBK) CYUTHIBAEMBIX
BUOPOXapaKTEPUCTUK MPOTHO3UPOBATh BUJ OTKa3a OOOpPYIOBaHUS C ONpEAeTICHHON
TOYHOCTBIO, CYIIECTBYIOLIME METOAbl BUOPOMOHHUTOPUHTA B OOJIBIIMHCTBE CBOEM
peaM3yIOT TaK Ha3bIBACMBIN MPUHITUI «HH(POPMAITMOHHON MOTHOTE [31]. To ecTh
B YCIJIOBUSX HEOMNPEJEICHHOCTH O BUJAE OTKAa3a, KOTJA CBA3M MEXIY NapameTpamu
arperara, ONPENEISIIOUMMU €ro TEXHUYECKOE COCTOSHHE, M JUArHOCTUYECKUMHU
napaMmerpamu BuOpanuu (BUOPOYCKOpEHHE, BHOPOCKOPOCTh, BHUOpPOIEpPEMEIICHUE)
HEU3BECTHBI, ISl JUArHOCTUKH MCIOJIB3YIOTCS IOMUMO PaHEE U3BECTHBIX IPU3HAKOB
OTKa3a €Ul M HEWU3BECTHBIC, OCTABIIMECS B BHOPOAKKYCTHMUYECKOM CUTHAJIE IOCIE
PEKYPPEHTHOTO BBIACJICHHUS] HM3BECTHBIX. DBbleeHNe U3BECTHBIX NPHU3HAKOB
OPOUCXOAUT TaKUM 00pa3oM, YTOObI COOBITHS, TPUBOAALIME K HN3MEHEHUIO
HEU3BECTHBIX TNPHU3HAKOB, COCTABIUIA «IOJHYIO T[PYIIY» B CTaTUCTUYECKOM
cmpiciie. Ha ocHOBe 3TOro moaxona B KauyecTBE JUArHOCTUYECKHUX IPU3HAKOB
IEPBOIO  YPOBHS, COCTaBJSIOUIMX  «IOJHYIO Tpynmy» ObUIM  BbIOpaHbI
CpPEIHEKBaJpaTUUECKUE  3HAUYEHHs]  BUOPOYCKOPEHHs,  BHUOPOCKOPOCTH U
BUOponepeMenieHusl. DT HapaMeTpbl SBISIOTCA CTaHAAPTHBIMU ISl 0OecredeHus
METPOJIOTUU BUOpOHU3MEpPEHU I u OTYEPKUBAIOT COOTBETCTBEHHO
BBICOKOYACTOTHYI0, CPEIHEYACTOTHYI0O M HHU3KOYACTOTHYIO MOJIOCHI BUOpauuu, B
KOTOPBIX HAaWIy4IIUM OO0pa3oM MpOSIBISIFOTCS  COOTBETCTBEHHO  MPOOJIEMBI
MEXaHU3MOB (IOJAIIUITHUKY, 3yObs, JOMATKH, BUHTHI U Tp.), MPOOJIEMBI arperaTHoro
cocTtostHUsl  (OanaHCUpOBKa, IEHTPOBKA, COOCHOCTb) M MPOOJEMBbl KperICHUs
arperaTtoB M MPUCOECTUHUTENbHBIX KOHCTPYKIUH ((pyHAaAMEHTHI, TPYOOTIPOBOIBI).

CoOTBETCTBEHHO, MO/YJIb COOpa U aHaJIW3a JAHHBIX B CUCTEME MOHUTOPUHTA
JOJDKeH 00JlajaTh BCTPOEHHBIM — aJTOPUTMOM JJII  ONPEIEICHUS COCTOSIHHUS

00OpylOBaHUSI W JOIOJIHUTENBHO €aMooOy4aTbCsl C TOMOILBIO HAKOIUIEHUS U
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3aIlIOMUHAHMSI BBIINICHA3BAHHBIX HEM3BECTHBIX MPU3HAKOB OTKA30B. ITO HEOOXOIMMO
JUTSI TOTO, YTOOBI MIOBBICUTH TOYHOCTH BBISBIISIEMBIX JE(EKTOB.

JIJisi TOMCKa 3aKOHOMEPHOCTEM MKy 3HAuYeHUSMH BHOPOXapaKTEpUCTUK U
OTKa3aMH, BO3HHKAIOMIUMH B OOOpPYIOBaHHWH, IpEIJIaracTcs TMPOBECTH aHaJIU3
YYBCTBUTEJIBHOCTU HMMEIOIIUXCS  TMEPEMEHHBIX 3HAYeHUH Ui JasbHeuien
pa3pabOTKu MaTEMaTHYECKOTO anmnapara UccleJOBaHUs HaJKHOCTH 000PYIOBaHUSI.

AHallU3 4YyBCTBUTEJIBHOCTH TMEPEMEHHBIX OyJeM MPOBOJUTH C MOMOIIBIO
nporpamMmbl  STATISTICA.  AnanusupoBarth MnepeMeHHble OyaeM cpaszy i
HECKOJBLKHX METOOB Kiaccuukaimu, Takux kak: MAR-cIaifHbI, 1epeBO PEIICHHH,
HEHPOHHAsI CETh, TUHEHHBIN TMCKPUMHUHAHTHBIA aHAJIU3 U TPAUEHTHBIN OyCTHHT.

Bcero mns ananmsa MCMONBb30BaIOCh 9 THUMOB HM3MEPEHUHM, a TakkKe HX
CpeIHEKBaIpaTHYHbIC 3HaUeHUs (Square). AHallu3 BBITOJIHSIICS HAa OCHOBE JaHHBIX O
pabotre 221 o00BEeKTa — HACOCHBIX arperatoB (MPOM3BOJAMTEIb W THI arperara
HEU3BECTHBHI).

Hwxe npencraBineHbl TUIBI U3MEPEHUN:

- aa — gaTuuk 6e3 ¢puiabTpa, BUOporepeMelieHrne, 0CeBOE Halp-¢;

- a0 — natuuk 6e3 puibTpa, BUOpOIEpEMEIICHHE, TOPU30HTATILHOE HAIP-€;

- av — nat4uk 6e3 GunpTpa, BUOponepeMeIeHne, BEpTUKAIbHOE HAP-€;

- ila— garuuk ¢ GUIBTPOM, BHOPOCKOPOCTh, OCEBOE HAIIP-€;

- 10— maT4uK ¢ GUILTPOM, BUOPOCKOPOCTh, TOPU3OHTAIBHOE HAIIP-€;

- IV— 1atyuk ¢ GUIBTPOM, BAOPOCKOPOCTh, BEPTUKAIBHOE HAITP-C;

- va — natuuk 6e3 puibTpa, BUOPOCKOPOCTh, OCEBOE HAIP-€;

- VO — 1aT4uK 06e3 puibTpa, BUOPOCKOPOCTh, FTOPU3OHTATIBLHOE HAIP-€;

- W — 1aT4uk 0e3 puibTpa, BAOPOCKOPOCTh, BEPTUKAIBLHOE Harp-¢.[§]

[leneBpIM TIOKa3aTeneM JJig aHajdu3a ObUIM BBIOpAaHBI BHUABI OTKAa30B,
BBIBJICHHBIC B KaXI0M W3 00bekTOB. B Tabmmie 2.3 mokazaHa KiaccuuKamms

OTKa30B " O6’beKTOB, B KOTOPBIX 3TH OTKA3bI ObLIH OIIPCACIICHEI.
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Tabmuma 2.3 — Knaccudukanus 00beKTOB U OTKA30B B HAX

KomnuectBo
Bun Onucanue
00BEKTOB
Ba3oBrle BUabI
1 | IIpoGnema B coeiMHEHUN 13
2 HewcrnipaBHbIe IOIITUTTHUKA 23
3 | Mexanudeckoe ocnabiieHue, pa30anThIBaHUE, OTBUHYHBAHKE U T.1I. 6
4 | Tlepekoc unu pa3pyuieHue ocHoBaHus (hyHIaMEHTA) 5
5 | PazbanancupoBka 13
6 | HopmasibHBIC yCIIOBHSI SKCIUTyaTalluN 27
JlonoHUTEIHHBIC BUIBI
7 | Cmemienue Bana (Bkitoyaet | u 4 6a30BbIe BUIBI) 42
8 | I[Ipob6semsr B paboTe Hacoca (BKiIro4aeT 2, 3 u 5 6a30BbIC BUIBI) 26
9 | Ilpo6iemsl B paboTe nmpuBoaa (BKItoUyaeT 2, 3 U S 6a30BbIC BUIBI) 8
10 | IIpoGnemsl B pabote arperara (BKJIrO4aeT Bce 0a30BbIC BHJIBI, KpoMme 6) 29
KoMOnHMpOBaHHBIC BUIBI OTKA30B
11 | KomOuuamms 1 u 2 BuIoB 4
12 | KomOuuamms 1 u 3 BunoB 2
13 | KomOunamug 1 u 5 BuIoB 1
14 | KomOuuamus 1 u 8 BuIoB 2
15 | KomOunammsa 1 u 9 Bunos 1
16 | KomOuunaums 2 u 7 BUIOB 2
17 | KomOunamms 3 u 4 BuIoB 1
18 | KomOunamug 3 u 7 BUIOB 1
19 | KomOunauus 4 u 8 BuIoB 1
20 | KomOunanus 4 u 9 BuioB 1
21 | KomOuHauus 5 u 7 BUIOB 2

[lo pe3ynapTaTaM aBTOMATHYECKOTO ONpENETIEHUs MNPOrpaMMON 3HAYEHUU
BJIUSIHUSA TEPEMEHHBIX Ha OIpEAEeJIeHHEe TOr0 WM HWHOTO BHJA OTKa3a, Obuia

MOJIy4eHa clieyrolias Tabauna, mpeacTaBieHHas Ha pUCYHKe 2.2.
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All Predictors Sorted by Average Rank, Variable: Class

Average Importance Ranking (1=Most Important)

{Rankings 1 and 2 are highlighted)

1 2 B
Average Gener_al 3 4 _ STATISTICA
Rankin Sh_apmse Interactive Stm:h_astn: 5 . Automated
g Linear Gradient MARSplines Meural
Across Discrimi Tree (C&RT) . P
Methods iscriminant Boosting Trees Networkg,
Analysis classification

aa 6.4 1 B8 2 18 3
aoSquare 6.6 2 2 3 18 8
av 7.4 18 4 8 2 b
ao 9.4 18 6 1 18 4
io 10,4 18 5 9 18 2
iv 1,2 18 15 10 2 "
inSquare 12 18 3 11 18 10
Vo 12,2 18 7 16 18 2
va 12,6 18 1 7 18 9
voSquare 12,8 18 16 5 18 7
ia 13 18 17 6 18 6
aaSquare 13.4 18 1 12 18 18
iaSquare 13.6 18 14 4 18 14
ivSquare 14.6 18 10 14 18 13
w 14,8 18 13 13 18 12
avSquare 15,2 18 9 15 18 16
vaSquare 16,2 18 12 17 18 16
wSquare 17.8 18 18 18 18 17

Pucynok 2.2 — AHanu3 4yBCTBUTEIILHOCTH TIepeMeHHBIX (1 — camblil BayKHBIN)

Kak MOXHO 3aMeTHTh, AJIsl Pa3IUYHBIX METOJOB KJIACCU(UKALMU JTaHHBIX
HamOoJjiee BaKHblEe JUIsl ONpEAENIEHHs LEJIEBOro IoKa3zaTenss IepeMEHHbIE
OTJINYAIOTCA.

Jlis HelipoceTeBOM KilacCU(UKALMUA KIIOUYEBBIMU TPEAUKTOPAMH SIBIISIOTCA
nokasareynd no BUOpockopocTH. Kak mokasbiBaeT aHanu3 OOJBIIOIO YKCla CTaTei,
NaTeHTOB W MCCIIe[0BaHuil o BuOpoauarHoctuke [3, 16, 20, 25-28, 32-34], umenHo
BUOPOCKOPOCTHBIE  MOKAa3aTeau  SBJIAIOTCS  OCHOBHBIMH  CPEIHEYACTOTHBIMU
MapKkepaMu TOJIOC BUOpPALMHM U TMO3BOJSIOT C OJMHAKOBOM TOYHOCTHIO OIpPEAEIATH
KaK MpoOjeMbl B MEXaHM3Max M y3JlaX TEXHOJOIMYECKOro o0OpyloBaHUS, TaK U
po0JIeMBbl B COCTOSIHUU arperara B 1ejioM (PpyH1aMeHT, OanaHCUpOBKa, KPETUIEHUE U
np.).

JUis JUCKPUMUHAHTHOTO aHaiu3a MW JBYX THUIIOB JIEPEBbEB pEIICHUN
BOXHEHIIMMU 13 TIEPEMEHHBIX 3HAUYCHUH IS KJIacCU(UKAIINU SIBJISTFOTCS TIOKa3aTeNn
BuOponepemenieHus. Onupasch Ha y>K€ MMEIOIIMECs HMCCIACAOBaHUSA, JAHHBIM THI
U3MEpPEHUs] HEeNOCTATOYHO TOJHO CHOCOOEH  OTpa)xkaTh  BO3HMKAIOIIME B
00OpyIOBaHUE OTKa3bl, TaK KaK 3a4acTyl0 BUOpOINEpEeMEIeHNEe HCHIOIb3yeTCs s

OIIPCACICHUA OTKA30B Ha HU3KHUX YaCTOTax BI/I6paHI/II/I.
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MAR-criaiinbl 00beIMHIIN Hanbosiee YyBCTBUTENbHbBIE TIEpEMEHHbBIE, BHIOPaB

U BUOponepeMelleHue, 1 BAOPOCKOPOCTb.

2.4 Tloka3zaTesb «GKMBY4€eCTH» TEXHOJIOTHYeCKOro 000py10BaHus

Onupasick Ha pa3MYHbIE HCCIEIOBAHUSA O HAJEKHOCTH TEXHOJIOTHYECKOTO
obopymoBanust [20, 25-28], ObuIO BBISBICHO, YTO ITOJABIIIONICE OOJBITHHCTBO
npejiaraéMbIX pEIICHH 10 KOHTPOJIO COCTOSIHHMSI arperartoB OCHOBaHO Ha
COIIOCTABJICHUU SKCIUTYyaTAllMOHHBIX XapaKTEPUCTUK M TEXHUYECKUX IOKa3aTelen
00OpyIOBaHUS C UX MPEACIbHBIMH 3HAUEHUSMHU WIIM U3BECTHBIMH 3HAUCHUSIMU, TIPU
KOTOPBIX BO3HUKAET OTKA3.

B nononHeHne K CyIIECTBYIONUIUM METOIMKAM MpEeIaracTcsl UCIOIb30BaTh B
CHUCTEME€ MOHHMTOPHMHIra OJIOK aHajM3a MapamMeTpoB 00OpYIOBaHMs, KOTOPbIA Oynaer
OTIPEIENIAITh MOKa3aTelb <GCKUBYUYECTH» OOOpYAOBAHMS IJii TOTO WJIM HWHOTO THUIIA
HEHCIPABHOCTH (WJIM KOMOWHAIIMH HEUCIIPABHOCTEH).

[TokazaTenem «GKUBYYECTH» SIBISIETCS Oe3pa3MepHasi BEJIMYMHA, OTpakaromias
CIIOCOOHOCTh  00OpyZOBaHUsSI paboTaTh JO TEXHUYECKOTO OOCHY>XMBAaHHUS C
COXPAaHEHUEM TPEHIOB OCHOBHBIX TEXHMUYECKHUX XapaKTEPUCTUK 0€3 BO3ZHUKHOBEHUS
ONPEAEIEHHON HEUCIIPABHOCTH.

[Tokazarens «GKMBYYECTH» OMPEACNACTCS WHIUBUAYATBHO IS KaXKIOTO THIIA
OTKa3a, TaK KaK HaMpsIMyI0 3aBUCUT OT KOJMYECTBA JUATHOCTUYECKUX MApaMeTpPOB,
0 KOTOPHIM (PUKCHUpYETCs] Haau4he HEUCIPABHOCTH, a TOYHEE OT OTKIOHCHHH

pCajlbHbIX 3HAQUCHUM OT EJICBBIX TPCHOOB. MartemaTH4ecKu 3TO MOXKHO OIMCATh TaK:

Pl W5, (2.8)

rje W — OTKJIOHEHHE PealbHOTO 3HAYCHHUS TTapaMeTpa OT LEIeBOro;
| — IMAarHOCTUYECKHI TTapamMeTp;

] — THI OTKa3a.
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BCHGI[CTBI/IG TOro, 4YTO CHCTCMbI MOHHTOPHHIA CIIOCOOHBI BBIABIATHL U
IMPOTHO3UPOBATH HCUCIIPABHOCTHU IIPHU aHAJIM3C KaK MUHUMYM JIBYX IUATIHOCTUYCCKUX

napameTpoB, TO BeIpaxkeHue (2.8) Ha MpaKkTUKEe NPUHUMAET BU]L

Pl 2

i=1

W jo (2.9)

rie N — o0mee 4YKMCIO0 JOUArHOCTHMYECKHUX I[apaMeTpoB, 3HAYEHHUS KOTOPBIX
UCIIOJIBb3YIOTCS IJISL ONIPEAEIICHUS] HEUCIIPABHOCTH.

Takke, mokazarenb «<KUBYYECTH» 3aBHCHT OT BPEMEHU MEXIYy TOYKOH €ro
¢ukcauuu U  pErIaMEHTUPOBAHHBIM BpPEMEHEM IMPOBEACHHUS TEXHUYECKOIO
OoOCIy’KMBaHMUS, KOTOPO€  BIOCIEACTBUM  MOXET OBITh  CKOPPEKTUPOBAHO

AKCIUTYaTUPYIOIIEH OpTraHU3alUuEn.
Py U (T 1), (2.10)

rae T — yCTaHOBIIEHHOE BpPEeMsI MPOBEJICHUSI TEXHUYECKOTO O0CTYKUBAaHMUS;
t — 3HaueHue BPEMEHHU B TOUKE OTPEIEIICHHUS TOKA3ATENS «KHBYUYECTH.
Ha ocnoBanuu 3aBucumocterr (2.9) u (2.10) npenmaraercs ciemyromiee
BBIPOKEHUE JJISI ONPEACIICHUS TOKA3aTeNsl «KUBYYECTH» OOOPYTOBaHHUS B MOMEHT

BpemeHH t

P | Dwit |=k[1- 3% | mee ), (2.12)

i=1 i1 N

riae K, mu A — HacTpoedHble KO3 HUITUCHTHI.
Hactpoeunbie ko3hduimenTsl K 1 M y4UTHIBAIOT BIMSHUE COCTABIISAIOIIMX
ypaBHeHus (2.11) Ha mokaszaresnb «GKUBYyYECTH» 000pymoBaHus. [ KaXaoro Tuma

OTKa3a 3TH ABa KO3(1)(1)I/IHI/ICHT3 MNPUHUMAIOT WHAWBUAYAJIBbHBIC 3HAYCHUA, KOTOPLIC
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YCTaHaBIIMBAIOTCA SKCILUTYaTUPYIOLIEH OPraHU3aMEN 10 YKE UMEIOIIUMCS JAHHBIM O
BO3HUKABIINX HEUCIPABHOCTSIX B JIaHHOM BHUAE oOopynoBaHus. Ilpu sTom cTouTt

YUYUTBIBATH, YTO cyMMa ko3¢ duimerToB K u mpasna 1.

k+m=1. (2.12)

[To ymomuanwuro, K 1 mnpuaumarot 3aadenus 0,5.

HacTtpoeuHblii K03QPUIMEHT A OTpakaeT BIMSHUE BPEMEHHOTO (hakTopa Ha
BO3HHUKHOBEHHE  HEUCHPABHOCTH  |. 3Ha4YeHWe  JaHHOro  Kod(ddumumenra
YCTAHABJIMBACTCS OKCIUIYaTHUPYIOIIEW OpraHu3alvell Ha OCHOBAHWM JaHHBIM O
BO3HUKABILMX HEUCIIPABHOCTSX B JAaHHOM BUje o0opynoBanus. Ilpu atom, HecMOTps
Ha THUII OTKAa3a, A SBJISETCSA MOCTOSHHBIM KO3()(MHUIIMEHTOM, U3MEHSIOMIMMCS TOJIBKO

I pa3JIMIHbIX BUIOB O60py,Z[OBaHI/IH.

ITo yMom4aHHIo, A IpHHUMAaeT 3Hadenue 1-107°.

3HaYCHUST HACTPOCUYHBIX KOA(D(GUIIMEHTOB MOTYT OMNPEACIATHCS IKCIIEPTHBIM
METO/IOM. DKCIEPTHAs IPYIINa B COCTaBE HECKOJIBKUX YEJOBEK HE3aBUCUMO JIPYT OT
Jpyra pamwXHUPYIOT MO 3HAYUMOCTH BCE MOTEHIIMAIbHBIC HEUCIIPABHOCTH, KOTOPHIC
MOTYT BO3HUKHYTH B OOOpYJIOBaHWH, M COOTBETCTBYIOIIUE UM 3HAYCHUS
HacTpoedyHbIX Ko3dduumentoB K u m. B ciaydae ¢ koadduimeHToM A 3KCIEPTHOM
rpyrime TpeOyeTcs CONMOCTAaBUTh 3HA4YeHUs KOA(PUIMEHTa C pa3IMUYHBIMU BUJIAMU
o0oOpy/ioBaHUsl, HAa KOTOPHIX IUIAHUPYETCS] YCTAHOBKA IIPEAJIaraéMoil CHUCTEMBI
aHanu3a mapaMmeTpoB. [Ipu 3TOM 3KCHEPTHI TOKHBI PYKOBOJICTBOBATHCS MCXOIHOMN
uHpopmarmet, T.e. (PUKCUPOBAaHHBIMH  paHee 3HAYCHUSAMH  MapameTpoB,
XapaKTepU3yIIIMMH COCTOSIHHE OOBEeKTa B MOMEHT BpemeHH. [locie o6paboTku
MOJIyYeHHOU MH(OpPMAIUU ISl KaXJI0T0 OTKa3a U 000OpYAOBaHUS YCTaHABIUBAIOTCS
CBOM HACTpO€uHble KOA((PUIIMEHTHI. DKCHEepTHas TpyInma MOXET COCTOSITh Kak W3
WHKCHEPHO-TEXHUYECKUX PpPAOOTHUKOB TPEANPUATHA, TaK H W3 HAYYHBIX

COTPYJIHUKOB He(TEra3oBOi OTpaCIIy.
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2.5 BeIiBOI

Bo BTOpOI#i T71aBe M3ydeHBI OCHOBHBIE METOAbl HOPMATUBHOW M OTPacieBOM
OLIGHKH HaJIe)KHOCTH oOopynoBanus, BiausHue TO Ha HaAEKHOCTH 00OPYTOBaHUS B
YCIOBUSIX  OKCIUTyaTallMd, TakXKe  MPOBEIEH  AHAIW3  YYyBCTBUTEIBHOCTH
BUOPOXapakTepUCTUK ¥  MPEJIOKeHa  CHUCTEMa  MOHUTOPHHIAa  COCTOSHUS
000py1I0BaHUs, OCHOBaHHAs HAa OTPEACIICHUH MOKA3aTeNsl «GKUBYUIECTI.

BOJIBIIMHCTBO CYIIECTBYIOIIMX PEIICHUI IO KOHTPOJIO COCTOSIHUSL arperaToB
OCHOBAHO Ha COIIOCTABJIEHUM HKCILTYaTALIMOHHBIX XapaKTEPUCTHUK M TEXHHYECKHX
noKasareyied 0O0OpYIOBaHUS C HMX MPEACIbHBIMA 3HAYCHHUSIMU WM H3BECTHBIMU
3HAYCHUSAMM, IIpM KOTOPBIX BO3HUKAET OTKa3. B 1omnosHeHue npenaraercs
aHAJIM3UPOBAaTh COCTOSIHUE OOOPYJOBaHUS Ha OCHOBE KOMIUIEKCHOTO OLICHHUBAHUS
OTKJIOHEHHWH I1apaMeTpOB OT TPEHJOBBIX 3HAYEHHWH, YTO TO3BOJIUT Kak
JMarHOCTUPOBaTh OO0JbIlIee KOJUYECTBO HEUCIPABHOCTEH CBOEBPEMEHHO, TaK U
IPOTHO3UPOBATh €r0 COCTOSTHUE MOCJIE TEXHUYECKUX 00CITY>)KMBAaHUN U BO3MOXKHOCTh
IPOAOHKEHUS IKCIUTyaTauu 0e3 rnposeneHus noaHomacmradnoro TO.

B nanpHeieM ocymecTBUM pa3padOTKy CTPYKTYPHOI cXeMbl OJ0Ka aHaiu3a
napaMeTpoB OOOpYIOBaHUS W ONpPECIMM IOKa3aTellb «KUBYYECTH» JUJIsl Hacoca

KOHKPETHOM MapKH.
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3 PazpaGorka 3/ieMeHTOB CHCTEMbI OIpeJe/ieHUs] M TMPOTrHO3MPOBAHUS

noxkasareJei 3KCHJ1yaTaIII/IOHHOﬁ HaJCKHOCTH TEXHOJIOI'HMY€CKOI'0

o0opyaoBaHMsI

3.1 CTpykrypa 6J10Ka aHAJIN32a TAPAMETPOB 000PY/10BaAHUS

Ha pucyake 3.1 mnpenacraBineHa CTpPYKTypHas cxemMa Ojoka aHamm3a

ImapamMCcTpoOB 060py,HOBaHI/I}I, npeajraracMoro mjist peajin3ainu.

Lam4uky, - [lepedaa
TexHo/nozuqeckoe :> npeodpaba e MoHUMOPUHZ U3MEHEHUS FHAYEHLUL —> pesyemamob <:j
M MOHUIMIOPUHEA
ooopydobarue pEssmp— naparempob ok A/;’M
Koppexmupobia | | [louck CYMMADHOZ0 OIMK/AOHEHUS Tobsiwetras
yenebsix beposmHocms
PN = yenebsix mpeHdob om rpede/isHsx P
eHan omkasa
4 L npabecmy
Bojsucrenue Besuumsl omknoHenus aocyxubare
MEKYUUX IHAYeHUL Om mpeHIobsIX
Hem
{} Py & doricwce, Kpaike bicoxas
- 1pogoAX UMb beposmHocme
HoprupoBarue omkioHerud FRCIAYamad Lo omkasa Belbecimy
odopydobanus U3 IKCHYamayuy
U ang cpoyHozo
PEMOHMA
Eﬂﬂggﬁgff/ggﬂi"ZHb/X :/'\ Onpedenerue [gmg]ﬁﬂﬁ/ang noKazamens nobpexdernozo
aMemp xubyyecmu Y
Berqucienue noxkazamens “xubyqecmy”

Pucynok 3.1 — CrpykTypHas cxema 6Ji0Ka aHanu3a napaMeTpoB 000py10BaHUS

C  TEeXHOJOTMYEeCKOro  O0OpYyIOBaHHWs, TMOJKIIOUYEHHOIO K  CHCTEME
MOHUTOPUHIA, TPU  TOMOLIM  PA3IUYHBIX  JAaTYMKOB, HU3MEpUTENEeH U
npeoOpaszoBareneil coOMparoTCs 3HAYEHUS! OINpPEAENICHHBIX MapaMeTpoB, KOTOpHIE
3aTeM MOCTYNaroT B OJIOK aHAJIK3a.

B 0noke, B pexuMe peasbHOrO BPEMEHU CTPOSATCS TPEHIbl W3MEHEHUs
CUMTAaHHbIX TapameTpoB. [lociae 3Toro, ompeaensrOTcs CyMMapHbIE€ OTKJIOHEHUS
LIEJIEBOTO TPEHJIa OT MPEJEIbHBIX 3HaUYEHUN mapameTpoB. TpedyeTcss OTMETUTh, UTO
NEPBOHAYAJIBHO LIEJIEBBIE TPEHABI ISl BCEX MAPAMETPOB 3aJAIOTCA MPEAIPUITHEM,

AKCIUTYaTUPYIOLUIMM O0OpYyJIOBaHUE, a 3aT€M KOPPEKTHUPYIOTCS MO pe3yJbTaTam

mranoBbix TO.
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CrnenyrommmM 3TarioM palbOThl OJ0Ka SBISETCS OINPEACNICHUE BEINYUHBI
OTKJIOHCHUSI PEAJbHBIX 3HAYECHHM MMAPAMETPOB OT 3HAYEHUM UEJIECBBIX TPEHIOB B
COOTBETCTBYIOIIIME MOMEHTHI BpemeHH. Ha 3ToM »Tame KkpaliHe BaXHO Y4YeCTb
HalnpaBJICHUE OTCYETAa OTKIOHCHUH. Bce mnonyumBIIMECS OTKIOHEHUS 3aTeM
CYMMMPYIOTCSI IJIs1 BBIYHMCIICHUSI HAKOILICHHOTO MaKCUMAJIbHOTO OTKJIOHEHHUSI.

JIns  JanpHEMIEero HWCMOJb30BaHUS 00paOOTaHHBIX JaHHBIX TpedyeTcs
HOPMHPOBATh IIOJYYEHHBICE B TMPEABIAYIIEM JTall€ CYMMapHbIE OTKIOHCHUS.
HopMupoBaHue OTKJIOHEHHUM OCYIIECTBIAECTCS C IMMOMOIIBbIO OTHOIICHUS CYMMapHOIO
OTKJIOHCHUSI PEAIbHBIX 3HAYEHUM OT LEJEBBIX K CYMMAPHOMY OTKJIOHEHUIO LIEJIEBOTO
TPEHIa OT NPEACIbHBIX 3HAUEHUN.

Jlanee, 00K aHaM3a MPHUCTYMACT K BEIYMCICHUIO COCTABIISIFOIINX TTOKA3aTesa
xuBydecT (cMm. paszzgen 2.4). Ilpu 3ToM mnpeanpusTHeM, 3SKCIUTyaTUPYIOIIEM
o0opyioBaHue, JJI1 KaXXJIOr0o THUIIOBOIO OTKa3a 3aJal0TCsl 3HAYCHHMS HACTPOCUYHBIX
napamMeTpoB (cM. paszzaen 2.4).

@uHaNbHBIA ATan pabOThl 0JIOKA — BBIYMCICHUE MOKA3aTels <OGKUBYYECTH.
JJIs KaKI0oro MOMEHTa BPEMEHU OMNPEHETACTCS KOHKPETHOE 3HA4YC€HUE, KOTOPOE
3aTe€M CpaBHUBAETCS C JIBYMsl TOKa3aTelsiMU, 00 U [ — TpaHUYHbIC 3HAYCHUS
rokaszarenst <«okuBydecTw». Ilokazarenb o COOTBETCTBYET BEPXHEW T'PaHUIIE
(CKMBYYECTH» 000PYyJIOBaHUS, MPU JOCTHKCHHH KOTOPOH BO3PACTaCT BEPOSTHOCTH
TOrO0, 4YTO HCCIEAYEMBId OTKa3 MPOSIBUTCA JO IIJJAHOBOTO TEXHUYECKOTO
obcimyxuBaHus. HUKHSS rpaHuIia «OKUBYYECTH» olpeesseTcs mokasarenem f. [Tpu
JOCTHXKEHUHU 3TOTO 3HAYEHUSI, @ TAKKE €r0 JaTbHEUIIIUM CHUKEHUEM, KOTOPOE TaKKe
MOKHO OILICHUTh C MOMOIIBI MPOTHO3a, BEPOSITHOCTh MPEXKIECBPEMEHHOIO BBIXO/IA
o0opyioBaHUsI W3 CTPOS KpaiiHEe BBICOKA W IOATOMY TpeOyeTCs BBIBECTH €ro M3
SKCIUTyaTallu IS CPOYHOrO BHEIUIAHOBOTO PEMOHTA WU  OOCITY>KUBaHUS
MMOBPEXKIECHHOIO y3J1a.

Bce pesynbraTsl mpenpiaynmx dTanoB nepenatorcs Ha APM B Bune Tabnui u
TpeHn0B. Taxxke, Ha APM mocTynaroT peKOMEHIaluu Uil OOCITY>KUBAIOIIETO

o0opy0BaHUE TIEPCOHAA.
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3.2 BbiOop napamMeTpoB U 000PY/A0BAHNS VISl HCCIIEIOBAHUS

Jlist omipesiesieHUsT COCTOSIHMSL OOOpYZOBaHUS B TEKYIIMA MOMEHT BpPEMEHU
HEOOXOMMMO 3HAaTh 3HAYCHUS IMApaMeTpOB, W3MEHEHUS KOTOPBIX  MOTYT
CIIOCOOCTBOBATh PAa3BUTHIO OTKAa30B. JIMarHOCTHYECKHWE MapaMeTphbl MO3BOJSIOT
OTPEJEIUTh HEUCTIPABHOE COCTOSIHME MyTeM (PUKCAIMK OTKIOHEHMS 3HAYEHUHN 3THX
napaMeTpoB OTHOCUTENIBHO YCTAaHOBJICHHBIX 0a30BBIX 3HAYCHHI BO BCEM JHAla3oHE
U3MEpAEMbIX 3HaYeHUW WM  (QUKCAlMM HW3MEHEHUW HEKOTOPBIX  JAPYIHX
JTUATHOCTUYECKUX XapaKTEPUCTHUK.

B T'OCT 30848-2003 (MCO 13380-2002) «/luarHOCTHpOBaHHE MAIlUH IO
pabounMm  xapaktepuctukam.  OOmme  mojoxkeHus»  [35] MPUBOJATCS
JTUArHOCTHYECKHE TTapaMeTPhl MAIIMH OCHOBHBIX THIIOBBIX BHJIOB (MPUIIOKCHHE A).

N3mepeHHble  XapakTEPUCTHUKUA  TMPEJCTABISIOT  KaK  BBIOOPOUYHBIMHU
3HAYCHUSAMH, TaK U 3HAUYCHUSMH, MOJTYYECHHBIMU YCpPEIHEHHEM IO BpeMeHu. Jlis
HEKOTOPBIX JTHATHOCTHYECKUX XapPaKTEPUCTHUK BHIOOPOUYHBIC 3HAYEHUS MOTYT OBITH
HEJI0OCTAaTOYHO UH(OPMATUBHBI JJISI TOYHOTO BBISBICHUS HEUCIPABHOCTH, ITOITOMY
HEOOXOMMa WX JIONOJHUTEIbHAss o0paboTka. B HEKOTOphIX chaydasx s
UJCHTU(GUKAIIMY OTKJIOHEHUW, KOTOpBIE BBI3BIBAIOT HEUCIPABHOCTH, TPeOYIOTCS
CHEKTpaIbHbIE METOBI UM METO/IbI, OCHOBAHHBIC HA U3MEPEHUH (ha3bl.

Jlis mpoBeneHusl ucciaenoBaHusl OyZeM HCIIONIb30BaTh HACOC IEHTPOOEKHBIN
koHcobHBIH K 80-50-200-E, wucnonb3yemblii  mjiss  Mepekadykud  HEPTH U
He(TENpOAYKTOB  Ha  HedTenepepadaThIBAIOIIMX  3aBOJAX. | e€XHUYECKHE

XapaKTEPUCTHKH UCCIIeyeMoro o0opyoBanus mpuBeneHb! B Tadmmie 3.1 [36].

Tabnuna 3.1 — Texanueckue xapakrepuctuku Hacoca K 80-50-200-E

XapakTepucTuka 3HaueHue
Toxaua, M>/4 (1/c) 50 (13,9)
Hamop, m 50
JaBnenue Ha Bxoje B Hacoc, MIla (krc/cM2), He 0,35 (35)
Oosee
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OxoHuanue Tadauusl 3.1

MakcumanbHass ~ mOTpeOisieMasl  MOIHOCTb 15
Hacoca, kKBt
Yacrota BpaieHus, c-1, (00/MuH) 48 (2900)

1 IlpousBoACTBEHHOE AOMYCTUMOE OTKIIOHEeHUE Haropa +7%, -5%
2 MakcuManbHasi MOIIHOCTh HAcoca yKazaHa JUIsi MaKCUMAJIBHON TOJa4d C Y4EeTOM
MIPOU3BOCTBEHHOTI'O JAOIyCKa Ha Harop +7%

Coriaco 'OCT 30848-2003 [35] mis HAacOCHOrO OOOPYAOBAaHHS THIIOBOM
SIBIISICTCS TMArHOCTHYECKash MaTpwlla, MpeacTaBieHHas B npuioxkeHuu b. Ilo
JTUArHOCTUYECKOW MATpPHIIE OMPEICIIIOTCS OCHOBHBIC TMapaMeTphl, W3MCHCHHE
KOTOPBIX CIYKUT MapKepOM BO3HUKHOBEHUS KaKOW-TMOO W3 HEUCIPaBHOCTEM,

MPEJICTABJICHHBIX B HEM.

3.3 Onpenesienue NMoKa3arTeJs «KUBYYECTH»  TEXHOJOTMYEeCKOro

OﬁOpyHOBaHHH B YCJI0BUAX YI'PO3bI BOSBHUKHOBCHUA HEUCIIPABHOCTH

B pamkax mpoBOOMMOIO HCCIEAOBaHUS PAaCCMOTPUM OJHY M3 BO3MOXKHBIX
HEUCIIPAaBHOCTEN ILIEHTPOOEKHOIO0 Hacoca — MOBPEXKIACHUE KpbUlbYaTKU. Jlis
UACHTU(UKAIIMY 3TOM HEMCIPABHOCTH MCIIONB3YIOTCS CIEAYIOIINE TUAarHOCTHUECKHE
napameTpbl: U3BMEHEHHE JIMHEWHBIX Pa3MepOB, MOILLHOCTb, JaBJIEHUE/HAMOP, YaCTOTa
BpallleHusl, HU3MEHEHHE BUOpanuu O0O0OpYAOBaHHUA, TeMIlepaTypa IOIIIMITHUKOB,
BpeMs BbIOera Hacoca, HaJIMYue MPOyKTOB U3HOCA B CMa3Ke.

BriOupaeM HECKOJBKO KIIIOUEBBIX MapamMeTpoB, € MOMOIIbIO KOTOPHIX B
nanbHeneM O0yZeM IMpOrHO3UpOBaTh BEPOSTHOCTh BOSHUKHOBEHMS HEHCIPABHOCTU
710 OMbKaMIero TeEXHUYECKOro 00CyKUBaHUSL:

- BUOpAllMOHHBIE XapaKTEPUCTUKH (B HALIEM Cilydyae, BAOPOCKOPOCTb);

- HaIop, CO3/1aBaeMblii HACOCOM;

- TeMIiepaTypa MOAIIUITHHUKA.

st mocTpoeHuss TpaduUKOB HM3MEHEHHWs TOKa3zaTeleldl BO  BpEMEHHU
BOCTIOJIb3YEeMCsl BHIOOPKAMU JTAHHBIX, MOJYYEHHBIX U3 0a3bl JaHHBIX HCKYCCTBEHHO

CMOJICITUPOBAHHBIX BPEMEHHBIX psiioB [37]. DTH JaHHBIE MOTYT OBITh UCIIOJIb30BaHBI
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U JUIsl IOCTPOCHUSI rpapKOB M3MEHEHHUS ToKa3aTesneld MMEIOIIerocst 000pya0BaHUs,
OJTHAKO JIJISl YUCTOTHI UCCIIEIOBAHUS CIIEAYET MPUBECTU BHIOOPKH K MPUOIUKECHHBIM
3HAYEHHUSAM IMapaMeTPOB HACOCA, UCIIOJNB3Ys MacIITaOHbIEe KOA(D(GUIIMEHTBHI.

Beibop MacmtaOHbIX KO3((UIKMEHTOB OCYIIECTBISICS HAa OCHOBAaHHUU
MpeNeNbHbIX 3HAUYEHUM HCCIEAYEeMbIX MapaMeTpoB, COJAEPKAIIMXCS B MAaCIOpPTe
obopynoBanus [36] 1 yacTUUHO yka3zaHHbIX B TaOmuie 3.1. Tak, mpou3BOACTBEHHBIH
Harmop Hacoca wu3MeHsieTcss B uHTepBasie [50-5%; 50+7%)]; wmakcuMmaiibHAs
TeMIiepaTypa MOJIIMIIHUKOB HE JOJKHA MPEBBIIIATh TEMIEPaTypy IOMEIICHHUS
oonee yem Ha 50°C, a Takke yCTaHOBJIEHHOTO MpeneiabHoro 3HaueHusi B 363 K
(90°C); mpenenpHOE 3HaAYEHUE BUOPOCKOPOCTH OTACTHHBIX Y3JI0B 000PYHAOBAaHUS HE
npesbiaeT 11,2 MM/C U HEe MOXET NpeBbIIIATh 3HAUEHUE TOKa3aTelns, paBHoe 7,1
MM/c Oosbie, yeM B TeueHnue 30 auei [36].

Beibopku coctoar u3 60 mokazareneil  ONpeAeNeHHOro IapaMerpa,
¢ukcupoBaBIIUXcs Kaxaple 12 gacoB. BeiOop BpeMeHHOTo auamna3zoHa o0yCIOBIIEH
perJaMeHTUPOBAHHBIM TPOU3BOJIUTEIIEM PEKOMEHAYEMbIM MEPHUOJOM TPOBEICHHUS
TEXHUYECKoro oocmykuBanus [36], u coctaBiset nmopsaka 700-730 gacos.

B pesynbrare mocTpoeHus AMarpaMM H3MEHEHHs MapaMeTpoB BO BPEMEHH, a
TaK)K€ NPEJCNbHBIX W LEJNEBBIX JIMHUN TpeHAa, ObUIM MOJIY4YEeHBl CIEIyIOIINe
rpaduku (puc. 3.2, 3.3, 3.4).

PykoBonctBysice uccnenoBanusmu [11, 12, 29] npuaumMaem, 4To ¢ TEUEHHEM
BpPEMEHH JII000€ OTKJIOHEHHE OT 1LIeJIEBOM JIMHUM TPEH]la HAKAIJIMBAET BEPOSTHOCTD
BO3HMKHOBEHHUS HEUCHpPaBHOCTH. Torma, ans BceX HCCIEAyEeMBbIX MapaMeTpoB
HaXOANM CyYMMapHOE€ MaKCHUMAaJIbHOE€ OTKJIOHEHHUE OT JIMHUU TpeHAa. [Ipu stom, mis
Harnopa 0oJiee 3HAaUMMBIMU SIBJISIIOTCS OTKJIOHEHUS, JIeXKalllue HUXKe JTMHUM TPEeHa, B
TO BpeMs Kak Jig TEMIepaTypbl UM BHUOPOCKOPOCTH — BBINIE TpeHAA. ITO
OOyCJIOBJIGHO TE€M, 4YTO KOHCTPYKLIMOHHO TAaJCHHE 3HAaYeHUl BHUOpaluu u
TEeMIEpaTypbl MOJIIUITHUKOB B paboTaronieM 000py10BaHUH 10 HYJISl HEBO3MOXKHO, B
TO BpeMs KakK MaJeHHe Haropa CIOCOOHO JOCTHraTh 3TOTO 3HAYCHHS IO MPUYHUHE

HEUCITPaBHOCTH/OTKAa3a.
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Pucynok 3.4 — Jluarpamma n3MeHeHHUs: BUOPOCKOpOCTH HccienyeMoro y3ia Hacoca K 80-50-200-E

Ilocne BeIUMCICHUSA CYMMapHbIX MaKCHMaJIbHBIX OTKJIOHCHHH onpecacirsicMm
BCIIMYMHY OTKJIOHCHUS B KEDI(I[BIﬁ MOMCHT BPCMCHH, CYMMHPYEM 3TH OTKJIOHCHU, a

3aTCM IIPOU3BOAUM HOPMHPOBAHUC KaKIO0I'0 U3 rokazarejie 110 CJ'IGI[YIOHIeﬁ

dbopmyie:

w=_—2G (3.1)

" (2AQ)]

race Wy — HOpMHUPOBAHHOEC OTKJIOHCHHC,

AG

i — BCJIMYHMHA OTKJIIOHCHUS B MOMCHT BPEMCHU t;

(O_AQ), — 3HaueHHE CyMMapHOrO0 MAaKCHMAIbHOIO OTKJIOHEHHS OT TPeHIA B

MOMEHT BpeMeHH 1.

Brraucnsiem mepBoe W BTOpoe ciaraembie ypaBHeHHs (2.11), yuuThIBas
3HAYEHUS HACTpoeuHbIX KoddduimentoB K, m u A. Ilociae sroro, ompenesnsiem
MOKAa3aTellb (GKUBYYECTH» OOOPYIOBaHUS NJisi W3HAYAIBHO MPEJIOKEHHOTO THIIA
OTKa3a.

M3meHeHne noka3aTelns «KUBY4eCTH» BO BpEMEHH MOKa3aHO Ha pUCyHKe 3.5.

58



1,010 +
1,000
0,990
0,980
0,970
0,960
0,950
0,940
0,930
0,920
0,910

I
1”1 |
I

1
\
1
|

S —[loka3aremnp
» "xuBy4yecTH"

1 1
> _al

36

72
108
144
180
216
252
288
324
360
396
432
468
504
540
576
612
648

3

PI/ICYHOK 35- I[I/Ial"paMMa HU3MCHCHUA ITOKA3aTCII <OCKUBYICCTU» I.[eHTpO6e)KHOI‘O HacocCa aJjia
OJHOI'0 U3 TUIIOB OTKa30B

B mepuome ot 0 mo 84 yacoB mokaszaTenb «KHBYYECTH» COKpPAIIAJICS, YTO
MOXXET CBHJIETEILCTBOBATH 00 dTane mnpupadoTku obopynoBanus. JlroObie
OTKJIOHEHHUS TMarHOCTUYECKUX MApAMETPOB B TEUCHUE ITOTO BPEMEHHU MOKA3bIBAIOT,
YTO OOOpPYJOBaHUE BBIXOJUT HAa PEKUM HOPMAJBLHOM OKCIUTyaTallMd, a €ro
napaMeTphl JIMIIb OPUOJIMKAIOTCS K JIMHUSAM TPEHIOB.

3aTeM TMOKa3aTellb BHOBb HA4YMHAET BO3pacTaTh M MPUHUMATh 3HAYCHWS,
HE3HAUUTEIHLHO OTKJIOHSIOIIMECS OT CPEIHEr0 3HAaYeHUs, MPUOIU3UTEIHHO PABHOTO

0,950. [lannblii ypoBeHb P, coxpaHsercs Ha HNpPOTSHKEHUU OCTaBILErocs [0

TEXHUYECKOT0 00CITy>KUBAaHUS BpEMEHH IKCIUTyaTalliy Hacoca.

Ha ocHoBaHMM OJTHOKPAaTHO MPOBEIEHHOTO HUCCIIEI0BAaHUS HEBO3ZMOXHO TOYHO
CyIuUTh O TPAHUYHBIX 3HAUYCHUAX [IOKA3aTeNsl <OKUBYYECTH», NPU KOTOPBIX
noTpedyercst b0 00ecrneynTh MHUHUMAJIBHOE TEXHHYECKOe OOCIy)KMBaHUE [0
wianoBoro TO, 1100 BbIBECTH 00OpYAOBaHWE W3 HKCIUTyaTallMU AJI MPOBEACHUS
CPOYHOTO PEMOHTA, BOCCTAHOBIICHUS TOBPEXKIECHHOTO y3lla H TPUBEACHUSA
JMArHOCTHYECKUX TapaMeTPOB K TPEHIOBBIM 3HaueHusM. [loatomy, mpeanaraercs

IIPOBCCTH HC MCHCC TPCX AOIMOJHUTCIIBHBIX I/ICCJ'ICI[OBaHI/II‘/JI, HCIIOJIB3YysA TC IKC
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TUArHOCTUYECKHUE MMapaMeTphbl, HO M3MEHSsSI BBIOOPKH HaHHBIX. [Ipm 3TOM I1ieneBbIe
TPEH/IBI TIOKa3aTeJIeH Hamopa, TeEMIEpaTyphl MOAINIUITHUKOB U BUOPOCKOPOCTH y3ia
OCTAIOTCS MIPEKHUMHU, TaK Kak OyJeM Iperoarath, 4YTo Kaka0e U3 UCCIeTOBaHUM
MIPOBOJIUIIOCH HAa OJTHOM U TOM JK€ BHJIE 000PYI0BaHUS.

Uccnenoanne Nel. B Tabmume 3.2 mnpencraBiieHbl JIUarHOCTUYECKHUE

mapamMCTphbl 1 COOTBCTCTBYIOIIHMC UM BHUABI TPCHOOB.

Ta6nuna 3.2 — [1apameTpsl IEPBOTO JOMOJHUTEIIBHOTO UCCICAOBAHUS

JlnarHoCcTUYECKU MmapameTp Bun tpenna
Hamnop HOPMaJIbHBIN
TemnepaTypa noJIIUITHAKA BO3paCTAIOIIUN
Bubpockopocts y3na HOPMaJIbHBIN

Ha PUCYHKC 3.6 IMpcaACTaBjiCHa JguUarpaMMa HM3MCHCHHA  IIOKA3aTCIIA

GKUBYYCCTH» JJIA IICPBOTO AOIMOJIHHUTCIIBHOI'O UCCICAOBAHUA
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1
P”_an

0,960

N
0,940 N = [ToKka3zareib
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Pucynok 3.6 — Jlnarpamma u3MeHeHUS TIOKA3aTels «OKUBYIECTH JUISI IIEPBOTO JIOTIOJHUTEIIEHOTO
HCCIIEI0BAHUS

13 AuarpaMMmbl BHUIHO, YTO IIOKa3aTClIb <GKUBYUCCTH», II0 CPAaBHCHHIO C
IICPBBIM HCCICAOBAHUCM, 3HAYHUTCIIbHO PAHbIIC BBIXOJAHUT HA CTaOMJIBHBIN YPOBCHBb U

u3Mensiercsa B auamnasone [0,930; 0,932] Bmioth 10 BpeMenu miaHoBoro TO.
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UccnenoBanne Ne2. B Ttabnume 3.3 mnpeacTaBieHbl JUArHOCTHYECKHE

napamMeTpbl U COOTBECTCTBYIOIUC UM BHUAbI TPCHIOB.

Tabnuna 3.3 — [TapameTpbl BTOPOTO JOMOIHUTEIBHOTO UCCIIEIOBAHUS

JInarsocTryeckuii mapaMmerp Bun tpenna
Hamnop HOPMaJIbHbBIN
TemnepaTypa NOJIIUITHUKA BO3paCTAIOIINN
BubpockopocTs y3ia HOPMaJIbHBIN

Ha pucynke 3.7 npeincraBieHa [auarpaMMa H3MEHEHHs I10Ka3aTelsd

OKUBYYCCTH» JJIsA BTOPOro JOIIOJHUTCIBbHOTO UCCIICJOBAHUS

1,000
0,990 -
0,980 -
0,970 -

0,960 -

AN —]loka3zarenb
/\/--\\/' Lt " "
NN KUBYUYECTHU

0,950 - .
0,940 -

0,930 -

0,920
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Pucynok 3.7 — JluarpamMmma U3MEHEHUS TTOKA3aTENsl «OKUBYYECTH JJIsl BTOPOTO JIOTIOJTHUTEIBHOTO
HCCIIEI0OBAHUS

B »atoM wuccnenoBaHuu, B OTJIMYME OT [JBYX THEPBbIX, 3HAYUTEIHHO
COKpallaercsi dTan  OpupabOTKM O0OpyJOBaHUS, NPU KOTOPOM IOKa3aTelb
(CKUBYYECTH» CHUKAETCS. 3aTeM, MOCJIe BbIX0/Ia 000pyAO0BaHUS HA dTall HOPMAJIbHOM
AKCIUTyaTally, JUATHOCTUYECKUE MMapaMeTphbl MPUOIIHKAIOTCS K IEJIEBBIM TPEHIaM,
P cHauana Bo3pacTaer, a 3aTeM CHIKAETCs 0 HacTymuieHus: MomeHnta TO.

Uccnenopanme Ne3. B  Tabmume 3.4 mpencTaBlieHBl JTHAarHOCTHYECKUE

napaMeTpbl U COOTBECTCTBYIOIIUC UM BHUAbI TPCHIOB.
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Tabmuma 3.4 — [lapamMeTpsl TPETHETO JOTOTHUTEIHHOTO UCCIICOBAHUS

JlnarsocTuyeckuii mapaMmerp Bun tpenna
Hamnop HOPMaJIbHbBIN
Temneparypa NoIMIHUKA BO3pacCTaIOIIHI
BubpockopocTs y3ma HOpPMaJIbHBIN

Ha pucynke 3.8 mnpenacraBieHa JauarpaMma H3MEHEHHMS IOKa3aTess

OKUBYYCCTH» HJIA TPECTHETO AOIMOJIHHUTCIbHOI'O UCCICAOBAHUSA

1,000 -
0,990 -
0,980 -
0,970 -
o
0,960 - /./V" N =sl =—==TToKa3zareinpb
/M i "KHUBydeCTH"
0,950 -
0,940 -
0,930
c2gINIBYIIBRLY D
SIJI88BLEENLSE

Pucynok 3.8 — JluarpamMmma U3MEHEHHUS ITOKA3aTeIs «OGKUBYYECTH JJIs1 TPETHETO JTOTIOJIHUTEILHOTO
HCCIIEI0OBAHUS

Kak MoxHO 3aMeTuth, B TPEThEM JOMOJHUTEIBHOM HCCIIEIOBAHUHI
NepBOHAYaJIbHOE U3MEHEHUE Py CX0%e ¢ MpecTaBlIeHHBIM Ha PUCYHKE 3.5.

3Has, 4TO B MOMEHT BpPEMEHH [ TMPOUCXOJUT IIJIAHOBOE TEXHUYECKOE
o0cIyXKMBaHUE, ONPEIEITUM OTHOCUTEIILHOE U3MEHEHHE MTOKA3aTENsl «KHUBYUYECTH» B

MOMCHT BpCMCHHU T oT ero 3HaYeHUsI B MOMEHT BpCMCHU to

Py (T)
A, =2 (3.2)
s (1)
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BrimonHsgeM  BBIUMCIICHHUS Js1 BCEX  MMPOBCACHHBIX I/ICCJIGI[OBaHI/Iﬁ "

pe3yabTaThl 3aHOCUM B Ta0uIty 3.5.

Tabnuna 3.5 — OnpeaeneHue OTHOCUTEIHLHOTO U3MEHEHHUS MTApaMETPa «KUBYUECTH

Howmep A, % Acp, %
HCCIIEIOBAHUS
1 95,35
2 93,32
3 95,43 95,08
4 96,20

Ha ocHOBaHMM pe3ynbTaTOB BBIYMCIIEHHUI, MOXKHO CENATh BBIBOJ O 3HAYEHUU
BEpPXHEN TpaHUIbl MOKa3aTelsl <GKUBYYECTW»: NMpHU CHWXEHUM Py Hmke 95% ot
MaKCUMaJIbHOTO 3HAY€HUS HEOOXOAMMO IPOBECTH MHUHHUMAIBHOE TEXHHUYECKOE
oOcnykuBaHue 0OOpyIOBaHUs (OCMOTp, MPOBEPKAa YTEYEK, MOSABICHUS IIyMa H
JIPYTUX XapaKTEPHBIX MaPKEPOB HEUCIIPABHOCTH).

JUist  onpeneneHuss HWXKHEH TpaHulbl Py, 0OpH JOCTHXKEHUH KOTOPOH
HEOOXOJMM CpOYHBIN BHEIUIAHOBBIM PEMOHT, HEOOXOJUMO BOCIIOJIb30BATHCS
IIPOTHO3UPOBAHUEM TOJYUYHMBIINXCS BPEMEHHBIX PSIOB.

JUiss  TpOrHO3UpPOBAaHMSI  TOKA3aTeNss  «OKUBYYECTH»  BOCIOJIb3yEeMCS
nporpammubiM maketom STATISTICA.

B ycnoBusix paborhl OJloOKa aHanu3a  MOPEANOYTUTENbHBIMU  OyayT
KPaTKOCPOYHOE HITU CpeHeCpouHOoe nporHosupoBanus [38]. Haunbonee moaxomsmiue
JUISL 3TOFO METOABI TPOTHO3UPOBAHUS — HKCIIOHEHUMAJIBHOE CIJIAXXUBAHUE U
aBTOpErpeccus MPOUMHTErPUPOBAHHOTO ckouyb3damero cpeaHero (APIICC, wm
ARIMA).

BeinonHuM  mporHo3upoBaHue Py ¢ MOMOIIBIO  3KCIOHEHUHUAIBHOTO
CTJIQYKUBAHMUSL.

JlJis moCTpOeHusl MPOTHO3a BHIOMpPAEM M3MEHEHHME TOKa3aTeNs «KUBYUECTH,
MOJIYYEHHOE IO pe3yJIbTaTaM MEePBOro JOMOJHUTEIBLHOTO MCCIEIOBAaHUS, TaK KaK Ha

nauarpamme (puc. 36) MpocieKUBacTCs CHIKEHHE Py ¢ TeYCHHEM BPEMEHHU.
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B mporpamme STATISTICA of6pamaemcss k mMoaynio Bpemenubie psinbl u
nporno3upoBanne (Time SeriesForecasting). Cremyromum 3TanoM Ha3HaYaeMm
uccienyemyio nepemennyto (Variables) — mokasarenb  <OKHBYYeCTH» U3
HIEPBOHAYATIBHOTO UCCIICIOBAHUSL.

Bun skpana nipescrasiieH Ha pucyHke 3.9.

L Time Series Analysis: MMporroznpoeanne.sta 2 | —_ |i3-
@ Yariables |1 :0F. [transformations, autocornelations, crosscomelations, plaks);
Lock | Wariable Long wanable [zenies] name Cancel
L HMcocnegoeaHme Ml —_—
E Options =

SELECT i

CR3ES 2 E”

Murmber of backups per vanable [zeries): |10 EI ﬁ Save varables | Delete highlighted wariable

All selected warisbles {senies) will b2 read into memony, and will b2 available for anshysis. The anahyses (2.g., transformations)
will be performed on the highlighted variable.

Transformed warniables (series) will sutomaticaly be added to the list. To edit 3 short or long warisble name, dowble-click on it.
To Lock warisbles {so that they will not be overaritten by subsequent transformations) double-click on the Lock column.

Euick, l Mizzing data

ARIMA E autocarrelation funchons Seazonal decompozition [Census 1]
Interrupted time series analysiz #1152k [Cenzus 2] - maonthly | - guartely
E wponential smoothing & forecazting Diztributed lags analyzis

Spectral [Fourner] analysis

Pucynok 3.9 — MeHo aHanu3a BpEMEHHBIX PSI0B

Jlanee, HEOOXOAMMO BBIOpPaTh MYHKT OKCIOHEHIUAIBHOE CIIIAKUBAaHUE U
nporuo3 (Exponential smoothing & forecasting).

B sTom nyHkTe J171s1 BeIOOpa npeyaraerca 12 pa3inyHbIX BApUAHTOB MOJEel
DKCIOHEHIMAJIBHOIO CIUIaKMBaHus. [[ns paccmaTpuBaeMoro ciydas MOIXOMSIIEH
OyZAeT SKCIIOHEHIIMAbHAS MOJIENb.

Buj sxpana ¢ BBIOOpOM MOJIeNU TIpecTaBiieH Ha pucyHke 3.10.
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— (=]

Summary: Exponential smoothing) ‘

| Seasonal and Non-Seasenal Exponential Smoothing: MNMporHoswpoeanue.sta

Lock | Wariable Long wariable [zeries] name Cancel
L WeonenogaHie Me
[®] Options +
By Group
Mumber of backups per variable [series): ,ﬁ @ ﬁ Save variables ‘ |
Quick lAdvanced Grid search] Autamatic search] Autoconelations] Rieviewm series]
todel
Seasonal component: 12

Hone: Additive;  Multiplicative:
No tisnd; || = € =" e o ©
Linear trend: |i CHot  of O Iﬂ (" Winters
E xponential E * les? I_ -
Darnped trend; | =~ [ ik

Alpha: Iﬁ@ Iﬁ Gamma:’ﬁg Iﬁ

Pucynok 3.10 — MeHro BbIOOpa MOJIEH SKCIIOHEHIIMAILHOTO CTIIaXKUBaHUS

YroObI BHIMOJHUTE SKCIIOHEHITHATBLHOE CTIIAKHBAHKE JIJIsI BBIOPAHHOM MOICITH
TpeOyeTcs onpeeuTh 1Ba mapamerpa criaxusanus — Alpha (o) 1 Gamma (y).

Jlns  mapameTpa  CTJIaKWMBaHUS ¢, OTBEYAIONICTO 33  CIUIA)KMBAaHUE
HETOCPEIICTBEHHO 3HAUCHHI HAOJIIOJICHUH, CIIPABEIUIMBO CIICAYIOIIEES: SCIH 0 PABHO
1, TO mpeasIAyIKre HAOIIOACHHUS MOJHOCTHI0 UTHOPUPYIOTCS; eciu o paBHO O, To
UTHOPHUPYIOTCS TEKYIIHE HAOIIOICHNS.

JIns mapameTpa CriaKHBaHHS Y, KOTOPBIA OTBEYACT 3a CIIIAKMBAHHE TPEHIA:
Ecnu y paBHo O, TO TpeH/ MOCTOSHEH /ISl BCEX 3HAYCHHIH BPEMEHHOTO psina (U Juis
BCEX MPOTHO30B); €CJIM Y PaBHO 1, TO TPEHI OIpeneNsercs Mo OOJbIIeH YacTH
omrOKaMu HaOIOICHUH.

[Touck mapaMeTpoB OCYIIECTBUM ¢ TIOMOIII0 BKiIaaku [louck Ha cetke (Grid
search). 3mech 3amaroTcs CTapTOBBIC, IIATOBBIE M MPEACIbHBIC 3HAYCHHS IS
napamMeTpoB o 1 y. OnpenessieM 3TH 3HaYCHUs, TaKXKe BeIOMpaeM MyHKT OToOpa3uTh
10 maumenbmux cpenHux kBaapaToB (Display parameters for 10 smallest mean

squares) u HaxxuMaeM BrinmoaHuTh orck Ha cetke (Performgrid search).
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Bun skpana npesacrasiieH Ha pucyske 3.11.

|-? Seasonal and Mon-Seasonal Exponential Smoothing: MporHosnpoeanue.sta i - @

Summary: Exponential smoothing] |

Lock | Wariable Long variable [zeries] name Cancel
[®] Options ~
By Group

MHumber of backups per variable [sefiez): ’ﬁ@ ﬁ Save variables | |

WecnegosaHue M

Guick ] Advanced  Grid search l.ﬂl‘-.utcnmatic search] f-‘«utncorrelatinns] Review series]

Start Incremert f{l Perform gid search |
pararmeter at; b Stop at:

Alpha: W@ Iﬁ@ ’ﬁ@
Iﬁ Iﬁ ,ﬁ At esch step, 3 respective

parameter will be increased by the

Gamma: Iﬁ @ Iﬁ @ ’ﬁ @ specified value; the sums of

squares residusls will b2

Iﬁ Iﬁ ,ﬁ computed for all possible

combinations of parameter
[v Display parameters for 10 smallest mean squares | ¥3lues.

Pucynok 3.11 — MeHto noucka Ha ceTke

B otkpeiBmiemcss okHe oToOpaxkaercss Tabnuma ¢ 10-Thi0 HaWIyYIIMMHU
MozensiMu. Onpenenstomum  ¢akTopoM sl BeiOopa moxaenu siBisietcs Cpemssis

abcomoTHas ommbOka (Mean Abs Error), mokasannast B kpaiiHeM cTOJIONE (PUCYHOK

3.12).

Parameter grid search (Smallest abs. errors are highlighted) (MporHoanpoeanne sta)
Model: Expon. trend, no season ; S0=1,012 T0=,9702

Mccnegosanne Ne

Model Alpha |Gamma | Mean [Mean Abs |Sums of | Mean |Mean % |Mean Abs
Number Error Errar Squares | Sgquares | Error % Error
1850  [0.7210000 0,981000) 0.000677, 0,001771 0.000682 0.000011) 0,070104] 0,186003
1900 0.741000  0.981000| 0,000659  0,001767 0,000683 0,000011 0,068220 0,185543
1800 0,701000| 0,981000| 0,000696 0,00177& 0,000684 0,000011)0,072091| 0,186834
1899 0,741000| 0,961000| 0,000673 0,001771 0,000686 0,000011| 0,069642 0,185963
1849 0,721000| 0,961000| 0,000691 0,001776 0,000686 0,000011)0,071565 0,186524
1950 0,761000| 0,981000| 0000642 0.001765 0,000687 0,000011) 0.066423| 0,185362
1750 0,681000| 0,981000| 0,000716 0,001790 0,000689 0,000011)0,074189 0,188112
1949 0,761000| 0,961000| 0,000655 0,001768 0,000689 0,000011) 0,067815 0,185685
1799 0,701000| 0,961000| 0,000711 0,001785 0,000689 0,000011 0,073593 0,187501
1893 0,741000/ 0,941000| 0000687 0,001775 0,000690 0,000011/0,071126/ 0,186440

Pucynok 3.12 — Pe3ynbTar noucka Ha ceTke
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Mogenb ¢ caMbIM HU3KUM 3HAU€HUEM cpenHedl abcomorHoi ommoku (1950)

UMEET CIICAYIOIIHE apaMeTpPhl oL U :
o =0,761;
vy =0,981.

[lepememaemcst Ha Bkianky J[omonnurensHo (Advanced) B MeHio BbiOOpa
MOJIETI  AKCIOHEHIMAIBHOTO CriaXuBaHHs. BBoIMM TMoOydeHHbIE 3HAYCHUS
napaMeTpoB CIIIAXUBAHUS, a TaKXKe BBIOMpPAEM KOJMYECTBO MPOTHOZUPYEMBIX
nepuo o (Forecast cases). Bun skpana nmokaszan Ha pucyHke 3.13.

Bribupaem 14 nmepuonoB ajii MporHosa, 4yro OyaeT paBHATbes 168 yacam
paboThI 00OPYAOBAaHUS MIIM OJHON Henese. 3areM HaxxumaeM kHonky OK (Summary)

U nojiydaem rpaduk, MpeACTaBICHHbIA Ha pUcyHKe 3.14.

b
|-~ Seasonal and Non-Seasonal Exponential Smoothing: Mporsozsnpoeadne.sta S | \EI

Summary: Exponential smoathing] ‘

Lock | “arable Long variable [zenes) name Cancel
[® Options «
By Group

Mumber of backups per vaniable [zeres]: ,ﬁgl ﬁ Save vanables | ‘

WconenoeaHue Ml

Quick  Advanced | Grid search] Automatic search] Autocorrelations] Review series]

Modsl v ake summary plot for each smoath
Seasonal component; 12 »
MNaone: Additive:  Multiplicative: v Add pred fenors to work area

Mo trend: |: =gl @ ™ @ - Forecast lﬁgl-:axes
Linear trend: | = C Hett |7 € [ Cwiinters
Exponential: E o E - @ -

Damped trend: E . E & ﬂ -

Alpha: Iﬁ@ Iﬁ Gamma:@@ Iﬁ
[ User-def. initial value: |0 [ Iritial trend: ||:|_

[ Get zeazonal factors friom vaniable:

Lpd Wariable

Tx}i Other transformations & plats

Pucynox 3.13 — Beibop mapaMeTpoB KCITOHEHITUATBLHOTO CTIIaKUBAHUS
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Exp. smoothing: S0=1,012 T0=,9702
Expon.trend,no season; Alpha= ,761 Gamma=,981
WNceneposaHue Ne1

"M 0,020
1,00 |
10,015
0,99 t
- 098} 10,010
ol
=
S 097} O
=]
3 10,005 B
2 3
= 0,96 t o
c
[&]
[&]
= 0,95¢ 10,000
0,94 t
1-0,005
0,93 t
0,92 -0,010
5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

= AccnegoBanue Ne1 (L) == Smoothed Series (L) -~ Resids (R)
Pucynox 3.14 — DxcrioHEeHIIUATBHOE CTIaKUBAHKE

CunuM 11BeTOM Ha Tpaduke IOKa3aHbl peajbHbIE 3HAYCHUS IOKa3aTels
(GKMBYYECTH», KPACHON MYHKTUPHOW JIMHUEH — MPOTrHO3, KOTOPBIM MOJIy4YaeTCs NpH
MCIIOJIb30BAaHUU HKCIIOHEHIMATIBHOTO CTIaKUBAHUS.

3eneHass MyHKTUPHAs JIMHUS — 3TO OCTaTKH, COOTBETCTBYIOLIWE Pa3HUIIE
MeXy (aKTUYECKUMHU 3HAYCHUSMM M 3HAYEHUSIMHU, TOJYYEHHBIMU C TMOMOIIBIO
crimaxuBanug. OcTaTku Ha OoJibIleM IiepuoAe padoThl OOOPYIOBAaHHUS HE
npesbimatoT £0,0025.

N3 rpaduka ciemyeT, 4TO OpH MPOJOHKEHUU SKCIUTyaTallud 000pyI0BaHUS
MoCJIe HACTyIUICHHs] BpeMeHH IiaHoBoro TO 6e3 ero mpoBeleHus, MOKas3aTelb
(OKUBYUYECTH» TIPOAOJKUAT CHIXKATHCS U uepe3 168 yacoB mocturnet 3naueHus 0,927

(tabm. 3.6).

Tabmuua 3.6 — Pe3ynbTarbl NPOrHO3UPOBAHUS C TMOMOIIBI 3KCHOHEHIIMAIBHOIO

Crijla>xuBaHUA

[Tepuon Bpewmst paboTsl, u 3HayeHue MOKa3aTels GKUBYYECTH»
61 720 0,929828
62 732 0,929680
63 744 0,929532
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OxoHuanue Tadaunsl 3.6

64 756 0,929384
65 768 0,929236
66 780 0,929089
67 792 0,928941
68 804 0,928793
69 816 0,928645
70 828 0,928498
71 840 0,928350
72 852 0,928202
73 864 0,928055
74 876 0,927907

Jlis cpaBHEHHUSI pE3yJNbTAaTOB BBIMOJHUM MPOTHO3UPOBAHUE C IOMOIIBIO
metoaa APTICC (ARIMA).

B mporpamme STATISTICA olpamaemcsi k' Momaynio BpemeHHbie psinbl u
nporaosupoBanre (Time SeriesForecasting). CienyromuM 3TanoM BbIOHpaeM
uccienyemyro rnepeMeHnyro (myHkr Variables) — mokazarenb <«KHBydecTH» W3
NEPBOHAYAIILHOTO UCCIIEIOBAHUS U JIJISl HEE CTPOUM JIMHEHHbIA rpadguk. Haxumaem
kHonky OK ¥ B OTKpBIBIIEMCS THAJIOTOBOM OKHE BO Bkiajake ['paduxu (Review &
plot) Beroupaem nyHkT ['paduk Beinenennou nepemennoi (Plot).

[TonmyunBmmiics rpaduk nokazan Ha pucyske 3.15.

Plot of variable: Mccnegosanne Net

1,01

1,00 1,00

0,99 0,99

0,98 0,98

0.97 0,97

0,96 0,96

Wccneposarmne Net

0,95 0,95

0,94 0,94

0,93 0,93

0,92 0,92
0 5 10 15 20 25 30 35 40 45 50 55 60 65

Case Numbers

Pucynoxk 3.15 — JIuneinblii rpaduk nokasaresst «KUBY4ECTH»
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JUiss nanpHEdIeil NpoBEPKM BPEMEHHOIO psiia HEOOXOAUMMO IPOBECTH
aBTOKOPPEISALMOHHBIN aHAJIN3.

B mpeapiayiieM AuanioroBoM OKHE BBIOMpaeM BKIIAJIKYy ABTOKOPPEISAIUU
(Autocorrs). YcranasimuBaeMm uwncio jaros (number of lags) pasusim 14, gto Oymer
COOTBETCTBOBaTh B HamieM ciydae 14-tu mepuomaM uamepeHuil uinu 168 dacam
pabotbl 00opynoBaHus (OJHA HeNess). 3aTeM CTPOUM aBTOKOPPEINSLHUOHHYIO
dynkuio (Autocorrelations).

[TomyyenHast aBTOKOppemsiinonHas (yHKIUs oToOpa)xeHa Ha pucyHke 3.16.

Autocorrelation Function

WceneposaHue Net
(Standard errors are white-noise estimates)

Lag Corr. S.E. T T T Q s}

1 +,703 ,1259 | | ] 31,15 , 0000
2 +,586 ,1249 | ! . 53,15 ,0000
3 4,490 ,1238 | 7 68,83 ,0000
4 +,426 ,1227} . 80,91 ,0000
5 4,370 ,1216 | | 90,16 ,0000
6 +,307 ,1205 | 96,67 ,0000
7 4,282 ,1194} 102,3 0,000
8 +,264 ,1182 | 107,2 0,000

9 4,255 ,1171}

10 +,253 ,1159 }

0

0
112,0 0,000

116,7 0

0

0

11 +,251 ,1148 } : / 121,5 0,000
12 +,271 ,1136 } ; 127,2 0,000
13 +,268 ,1124 Z 132,9 0,000
14  +,257 ,1112 } /f 138,2 0,000
0 0 ---- Conf. Limit

JO F
3

-1,0 -0,5

o

1,0
Pucynok 3.16 — ABTokoppensunoHHast QyHKIHS

CornacHo pe3ysibTaTaM aBTOKOPPEISLMOHHON (PYHKIIMU, MEPBbIM Jar (mepruos
U3MEpEHHs) MMEET BBICOKYIO 3HAYMMOCTh M 3HAYMTEIHHO TPEBBIIIAECT TPAHUIIBI
JIOBEPUTEIBHOTO MHTEpBAa.

VYaanuMm 3HaUMMOE 3HAYEHUE ABTOKOPPENSALUU C TOMOIIbIO B3SITUS Pa3HOCTU
nopsinka 1. Bo3Bparaemcst kK 1MajJoroBoMy OKHY aHalv3a M BO BKiIagke Pa3HocTs,
cymma (Difference, Integrate), B mnynkre Pasnocts (Difference) mnpucamBaem
3HaueHue JsaroB, paBHoe 1. Ilocne »srtoro Haxumaem OK u mnomydaem

npeoOpa30BaHHbII BPEMEHHOM psijl, MOKa3aHHbIN Ha pucyHke 3.17.
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Plot of variable: Mccneposarue Ne1

D(-1)
0,01 y y y y - - - - - - - - 0,01
0,00 0,00
3
= 001} 0,01
=
=
©
m
[s]
(=
(4]
S -0,02 -0,02
O
Ny
-0,03 | -0,03
-0,04 0,04

0 5 0 15 20 25 30 35 40 45 50 55 60 65

Case Numbers

Pucynok 3.17 — I'paduk npeoOpazoBaHHOTO BPEMEHHOTO psijia

I[JISI TOT'O YTOOBI IIPOBCPHUTDL, YAAJIOCH JIM UBMCHUTH 3HAYCHUC dBTOKOPPCIIALNH
Ha IICpBOM Jiare, HGO6XOIIHMO IIOCTPOUTDb ABTOKOPPCIIALMOHHYIO (I)YHKI_II/IIO I
peoOpa3oBaHHOTO psija (pucyHok 3.18).
Autocorrelation Function

WMceneposaHue Nei: D(-1)
(Standard errors are white-noise estimates)

Lag Corr. S.E. Q P
1 +,300 ,1269 | : . 5,60 ,0180
2 +,243 ,1258 | 7 9,33 ,0094
3 4,125 ,1247 | 7 10,33 ,0159
4 +,070 ,1236} 7 10,66 ,0307
5 +,128 ,1225 | : o= 11,75 ,0385
6 -,030 ,1214 | i 11,81 ,0665
7 -,043 ,1202 | - 11,93 ,1029
8 -,060 ,1190 | 7 12,18 ,1433
9 -,095 ,1179 } 7 - 12,83 ,1707
10 -,065 ,1167 | . 13,14 ,2160
11 -,162 ,1155 | 7 15,10 ,1780
12 -,082 ,1143 } 7 15,62 ,2093
13 -,044 ,1131} o 15,77 ,2617
14  -,029 ,1118} E i 15,84 ,3234
0 0 ---+ Conf. Limit
-1,0 -0,5 0,0 0,5 1,0

Pucynoxk 3.18 — ABTokoppensinorHas pyHKIHS TPeoOpa30BaHHOTO BPEMEHHOTO psijia
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Bssitue paznoctu ¢ jgarom 1 mpuBeno K yMEHBIIEHHIO aBTOKOPPEISALIMOHHON
(GYHKIIMM Ha COOTBETCTBYIOIIEM Jjare. Takike, MCXOIsi M3 IMOJYYEHHOTO rpaduka,
MOATBEPKIAEM OTCYTCTBUE KAKON-IMO0 MEPUOANIHOCTH (CE30HHOCTH).

st mop6opku mapamerpoB APTICC momenu, HE0OXOIUMO TMOCTPOUTH IBE
GYyHKUIMU — aBTOKOPPEJSIIIMOHHYI0O W (YHKIMIO YacTHOM aBTOKOPPEISIUU IS
npeoOpa3zoBaHHOTO psijia.

UYroObl mOCTpOUTH (PYHKIHUIO YACTHOM aBTOKOPPEJSAIMH, BO BKJIAJIKE
ABTokoppensuun (Autocorrs) Beibupaem myHkT Yacteie aBrokoppensuuu (Partial
Autocorrelations).

Ha pucynke 3.19 mpexacraBieHa mondyduBIIasicss (yHKIHUS 4YacTHOU

ABTOKOPPCIIALMH.

Partial Autocorrelation Function
WccneposaHue Not: D(-1)
(Standard errors assume AR order of k-1)

Lag Corr. S.E. -

1 +,300 ,1302 }

2 4,168 ,1302 | B

3 +,015 ,1302 | l

4 -,006 ,1302 } |

5 +,099 ,1302 } ..

6 -,109 ,1302 } ] |

7  -,060 ,1302 | |

8 -,022 ,1302 } |

9 -,057 ,1302 } .

10 -,022 ,1302 } |

11 -,107 ,1302 } ]

12 +,013 ,1302 } |

13 +,034 ,1302 }

14 +,008 ,1302 } |
0 . \ . ---- Conf. Limit
1,0 0,5 0,0 05 1,0

Pucynok 3.19 — YactHast aBTOKOppesIIMOHHAs (YHKIMS TPeoOpa30BaHHOIO BPEMEHHOI0 psja

JIns  4YacTHOM  aBTOKOppeNslMH HaOJ0JaeM  CIENYIoIIee: OTCYTCTBUE
3HAYMMBIX JIATOB, CE30HHOCTh HE HAOIOMAaeTC s, TpaQuK 3aTyXaeT IKCIIOHEHITUATBHO.
Cornacno npaBwiam onpenenenus napametrpoB APIICC, nemaem ciemnyromme

BBIBOJBI:
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- €CTTM aBTOKOPpETSIMOHHas (YHKIUS SKCIOHCHIIMAIBHO yOBIBAET, a YacTHAS
aBTOKOppEISIMOHHAA (QYHKIIUS UMEET PE3KO BBIJENSIONIECECs 3HaUeHue /i1 nara 1, a
TaKK€ OTCYTCTBYIOT KOppEJSIIIMM Ha Jpyrux Jarax, TO I[OKa3aTenb P,
COOTBETCTBYIOIIWH aBTOperpeccun (Autoregression, AR), paseH 1;

- €CJIM aBTOKOPPEISIIIMOHHAS (DYHKITUS UMEET PE3KO BBIACISIONICECs 3HAUCHHE
Ha Jjare 1, HeT KOppenslui Ha JPYrux Jarax, a 4yacTHas aBTOKOPPEJSIMOHHAS
GyHKIHS OKCIIOHEHIIMATLHO YOBIBa€T, TO TIOKazaTrelb (, COOTBETCTBYIOIIHMA
ckoup3siieMy cpeaHemy (Moving Average, MA), pasen 1.

Bo3sBparmmaemcsi Kk MEHIO aHalM3a BPEMEHHBIX PsAIoB (puUCyHOK 3.9). UToObI
OLICHUTH OIIMOKY MpPU MPOTHO3UPOBAHUU, BBIJICIUM YaCTh JIAHHBIX W3 BBIOOPKH JJIs
Kpocc-nipoBepku. Jljist 3TOro motpeldyeTcss MCKIIOYUTH OMNpEeICHHBIM rana3oH
JAHHBIX W3 BPEMEHHOro psga. B myHkre YcnoBus yCTaHaBIMBAEM JUAIla30H
HaOmonennii ¢ 1 o 46. Torna 47-60 HaGIIOICHUS OCTAHYTCS IS KPOCC-TIPOBEPKHU.

B wmenio ananmuza BpemeHHBIX psgoB BeiOupaeM nyHKT APIICC wu
aBrokoppersiuss - (ARIMA &  autocorrélation  functions). B oTkpeiBieMcs
JTMAJIOTOBOM OKHE YCTAaHABJIMBAEM MapaMeTpbl, KOTOPbIE paHee ObLIM OIMpe/IeICHBI.

Bun sxpana ¢ ycTaHOBJIGHHBIMH ITapamMeTpaMu Moka3aH Ha pucyHke 3.20.

L2 Single Series ARIMA: Mpornosnpoeanne sta i - @

E}i OF. [Begin parameter estimation) |

Lock | Variable Long variable [zeriez) name Cancel
[® Options =
By Group

Murmber of backups per variable [zenies]: WEI ﬁ Save varables | |

HMocnegoearie Nl

Quick  Advanced l.&utoconelations] Review series]

ARIMA model parameters E stimation method
[ Estimate constant Seazonal lag: ,ﬁ E * Approximate (MclLeod & Sales)

o - Autoregressive: |1_ E F - Seaszonal: ,D_ E Backeast cases: ID_ @
q - Maving awver.: |1_ EI @ - Seasonal: ,U_ EI & [Er= )

E stimation options
Transform variable [zenes) prior to analysis b agimum number of ,50— E
) iterations:
[ Matural Lag [ Power transfarm: |20

. Corgergence criterion ,—

Iv Difference 1. Lag: |1 E N of paszes: |1 E [required accuracy): 0ot EI
,_ Max. no. of iterations ,_

2 Lag: |0 @ M of passes: |0 @ for backcasting: 10 @

E;;i Other tranzformations & plots | [ User-defined start values E;,i

Pucynok 3.20 — Menro ARIMA
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Haxumaem kHomky OK. B wmenio ARIMA-monenu BbiOMpaeM BKJIQAKY
Homonmautenpao  (Advanced).  Jlnsg  modydeHWs — YHWCICHHBIX — 3HAYCHHM
CIIPOTHO3MPOBAHHBIX JIaHHBIX, a TakKXe Tpaduka TPOTHO3a YCTAHOBUM (PHUCYHOK
3.21):

- yuciio Habmoaenuit (Nnumber of cases) — 14,

- HaJaTh ¢ HaOmoaeHus (Start at case) — 47,

- ToBepuTeNbHbIN nHTepBai — 0,65.

JloBepuTenpHbI MHTEpBAI yMmMeHblIaeM ¢ 90% no 65% c uenpo CyKeHUs

AuarasoHa IPOrHo3upOBaHHA, YTO ITO3BOJIMT I10JYYaTb 0oJjIee TOYHBIE ITPOTHO3HLIC

3Ha4YCHHUA.

"

o

| Single Series ARIMA Results: MNpornosvpoeanue.sta

Variable: HMccocnenos
Transformations: D(l)
Model: (1,1,1)
Mo. of obs.:5% Initial 55=,00110 Final 55=,000%& (87,2%%) M5=,00002

Parameters (p/Ps-RAutoregressive, g/Q0s-Moving aver.); highlight: p<_05
Bill gil)
Estimate: ,70150 , 42353
Std.Err.: ,21%€5% ,27235 Mﬂ
Quick  Advanced | Review & residuals ] Digtribution of residuals ] Autocorrelations ] Surmmary

On Exit the residuals and
n -I = F':ll .Lﬂ = q.r. . Cancel
trans formed original s=ries will be
sppended to the warisbles in

= MEmory. E Options =
Forecasting By Group

M Forecast cases ||- o
Mumber of cases: l_@ Start at caze: E

Confidence level: | B5 @
. ) ) -level f
v Append forecasts to ariginal series on Exit Eigeh\;i.;hgr[ug:

%0 12

Sumnmary: Parameter estimates | @ Prink rezults

Parameter covariances/corelations

Pucynoxk 3.21 — ITonyuenue 3Ha4yeHUi IpOrHO3a

3arem BbIOMpaem myHKTHI [Iporno3 (Forecast) u I'padux psina u nporsos3os
(Plot series & forecasts). Hwke moka3aHbl MOJIydeHHBIC YHCIICHHBIC PE3YJIbTaThl

nporuo3a (pucyHok 3.22) u ux rpaduueckoe npeacTaBieHue (pucyHok 3.23).
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CaseMo.

Forecasts; Model:(1,1,1) Seasonal lag: 12 (MporHoanpoeaHue sta)
Input: Mconenoeanne Nat

Start of origin: 1 End of origin: 46

Include cases: 1:46

Forecast | Lower Upper | Std.Emr. |Observed | Residual
65,0000%|65,0000%

47

48
48 |

&0

51
h2
b3

b4

b4

56

57
hd
59

G0

0,931599 0,927155 0,936043 0.004716 0,931968 0,000369
0,931727 0,924536 0,938917 0,007631 0,931158 -0,000569
0,931816  0,922122 0,941510 0,010287 0,931392 -0,000424
0,931879 0,919865 0,943892 0,012748 0,930350 -0,001529
0,931922 0917753 0,946091 0,015036 0929701 -0,002221
0.931953 0.915777 0.948130 0.017167 0.929651 -0.002303
0.931975 0.913923 0.950027 0.019156 0.929154 -0.002821
0,931990 0.912182 0.951798 0,021021 0.928391 -0.00299%
0.932001 0.910541 0.953461 0,022773 0.929624 -0.002377
0.932008 0.908989 0.955027 0.024428 0.929804 -0.002204
0.932013 0.907518 0.956509 0.025995 0.930519 -0.001495
0,932017 0,906118 0.957917 0.027485 0929867 -0,002150
0,932020 0,904781 0.959259 0.028906 0930203 -0.001817
0,932022' 0,903501 0.960542) 0.030266 0,929933 -0.002082

Pucynok 3.22 — 3naueHus CriporHo3upoBaHHOTO psifa ¢ momomisio ARIMA

1,02

1,00

0,98

0,96

0,94

0,92

0,90

0,88

Forecasts; Model:(1,1,1) Seasonal lag: 12
Input: MccneposaHue Ne1
Start of origin: 1 End of origin: 46
Include cases: 1:46

1,02

1,00

0,98

0,96

0,94

0,92

0,90

5

0,88
0 5 10 15 20 25 30 35 40 45 50 55 60 65

= Observed == Forecast - + 65,0000%

Pucynoxk 3.23 — I'paduk moxa3zaTens «0KMBy4ecTH» ¢ poBepkoit Monenn ARIMA

BeinmonHuM  Kpocc-npOBEpPKY ISl ONPENEIICHUS BEJIUYHUHBI

a0COJIFOTHOM

OLIMOKA TPOTHO3UPOBAHHBIX 3HAYEHUW BpEeMEHHOro psaa. Pe3ynpTaThl Kpocc-

IIPOBEPKH MpeICTAaBIEHBI B Ta0IMIE 3.7.
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Tabmuma 3.7 — Pe3ynbTat Kpocc-TIpoOBEPKH MPOTHO3UPOBAHHOTO Psifa

Ne /it Habmronaemsrii pan | CiporHo3upoBaHHbIi psja | BenrnunHa abCOMOTHOM OIIMOKH
47 0,9311 0,931599 0,00047
48 0,9313 0,931727 0,00035
49 0,9303 0,931816 0,0015
50 0,9297 0,931879 0,0023
51 0,9296 0,931922 0,0024
52 0,9291 0,931953 0,0030
53 0,9289 0,931975 0,0032
54 0,9296 0,931990 0,0025
55 0,9298 0,932001 0,0023
56 0,9305 0,932008 0,0016
57 0,9298 0,932013 0,0023
58 0,9302 0,932017 0,0019
59 0,9299 0,932020 0,0022
60 0,9311 0,931599 0,00047

Bemnunna ommOku KpaﬁHe MaJjia, 4TO ITO3BOJIACT CACIATH BBIBOJA O TOM, YTO

JAHHBIA METOJ MPOTHO3a TAaKXKe MOJOMAET JJIsi MCIOJIb30BaHUS B OJIOKE aHalld3a

napameTpoB.

OHpGI[CJII/IM IIPOIrHO3 IMOKA3aTCJId <«GKUBYYCCTH) Ha 14 IICPpHUOJ BIICPCH, KAK B

cllydae C 3KCIOHEHUMAIbHBIM CrakKMBaHHEM. ['pauk HaOIr01aeMoro psuaa U €ro

IIPOrHo3a IIOKa3aH Ha PHCYHKC 3.24, CHpOI‘HO?)I/IpOBaHHBIG 3HA4YCHHA I10KA3aTCIIA

coneprkarcs B Tabmmiie 3.8.

Forecasts; Model:(1,1,1) Seasonal lag: 12
Input: Uccnegosanme Ne1

Start of origin: 1 End of origin: 59

Forecast -

0,88

5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

= Observed - -

Pucynoxk 3.24 — I'pauk nmokaszaTens «KUBY4ECTH» U €ro IporHo3upoBanue ¢ nomouibio ARIMA
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Tabmuma 3.8 — Pesynbrar nporunosupoBanus ¢ momoiisio ARIMA

ITepuon Bpemst paboTsl, u 3HaveHHE MMOKA3aTeNs «GKUBYUYECTH»
61 720 0,930262
62 732 0,930303
63 744 0,930332
64 756 0,930352
65 768 0,930366
66 780 0,930376
67 792 0,930383
68 804 0,930388
69 816 0,930392
70 828 0,930394
71 840 0,930396
72 852 0,930397
73 864 0,930398
74 876 0,930399

JUiss  ompelneneHuss  HWKHEW  TPaHULBl  [IOKa3aTeNsl  <«GKUBYYECTH»
IPEANOYTUTENbHEE BBHIOPATh MPOTHO3UPOBAHHBIE 3HAYCHMS, JIEXKallhe ONMKe K
HIDKHEW 4acTH JJOBEPUTEIbHOIO MHTEPBAJIa, TaK KaK Haubosee BEPOSITHBIN UCXO1 IS
ar060ro o0opyAoBaHus IpU NpubIMKeHUu K BpeMeHu TO uiM ero npoxoxaeHuu —
TO CHWKEHUE TOKa3aTelsl <OKUBY4YeCTW». JlMarHocTHMueckue mapaMeTrpbl B 3TOT
NEepUO MPUOOPETAIOT 3HAYUTENIbHBIE OTKJIOHEHUS OT LEJIEBbIX TPEHOB.

B nonyuyuBmuXcs AByMS pa3auvyHbIMU CIIOCOOAMH MPOTHO3aX HE HAOII01aeTcs
TpPEeHJla K TOBBIIIEHUIO Py, MOXHO YTBEp)KIaTh, 4YTO JUJIsi 3TOr0 00OpPYAOBAHHUS
MOBBIIIAETCA PUCK BO3HUKHOBEHHS HCCIENYyEeMOW HencrpaBHOCTU. COOTBETCTBEHHO,
HWKHEN rpaHuieil Py, npu TOCTHKEHUU KOTOPOH HEOOXOIUM BBIBOJ 000PYI0BaHUS

N3 3KCINIyaTaluu OJI1 pPCMOHTA, ABJICTCA BCIIMYNHA, paBHAA

Py (T+1)

_ , 33
"~ P, () (3.3)

rac T — BpCM:A, IIPU KOTOPOM B IIPOTHO3C ITOKA3ATCIIA <GKHBYYCCTHU) COXPAHACTCA

yOBIBAIOIIHI TPEH].
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HaGnromaempiii  mepwol  BpPEeMEHM  YCTaHABIWMBACTCS  IPEANPUSTHEM,
AKCIUTYaTUPYIOUIMM 000pYI0BaHHE, CIEACTBEHHO IOMYCTHMBIN MpeeN MoKa3aTels
(OKUBYYECTH» MOXKET U3MCHSTHCS.

PaccmoTpuM  mpoTHO3MpOBaHWE  C  TIOMOIIBIO  DKCIIOHEHITUATBHOTO
crinakuBanus. [1o ero pesynbratam, T = 14-12 = 168 4, Py (708+168) = 0,927. Torna

HWKHAA T'paHUId P}K COCTaBJIICT

209274 9307~ 93%.
0,996

Bo3Bparasce K CTpyKTypHO# cxeme OJIoKa aHaimu3a mapaMeTpoB (CM. pasmedn

3.1), rae BBOAWIUCH MAapaMeTPhI o ¥ 3, YCTAHOBUM HX 3HAUCHUSI

@=0,95-By

B=0,93-P .

[To pesynpraTaM BBINOJHEHHOIO aHAIW3a W IMPOTHO3UPOBAHHUS BPEMEHHBIX
PSAIOB ¢ XapaKTepUCTUKAMH HACOCHOTO 000PYyI0BaHUS MOJIyUYeHa MOJIeNIb-IIporpaMma
JIJIs1 BBITIOJTHEHUS B OJIOKE aHAJIM3a apaMeTPOB CUCTEMbl MOHUTOPHUHTA.

[To umerommUMesT TaHHBIM MOKHO CKa3aTh, YTO MOKAa3aTENIM «KUBYYECTH» B
KaXXJOM HCCJICJOBAHMHU HAXOJATCS B JOMYCTUMOM Juana3oHe 3HauYeHuh. A 3TO, B
CBOIO Ouepenb, O3HA4YaeT, YTO HACOCHBIM arperar MOXHO MPOJOKATh
AKCIUTYaTUPOBaTh B MPEKHEM PEKUME, HE OMACAsICh BHE3AMHOIO MOSIBJICHUS OJHOU
(WM HECKOJIBKHMX) W3 HEUCIPABHOCTEH, JUArHOCTUPYEMBIX C TTOMOIIBIO BHIOPAHHBIX
AKCILTyaTallMOHHBIX MapaMeTPOB.

[TomyyeHHass mMoAenp SBISETCA aJallTUBHOM M WHBApPUAHTHOM K Pa3IMYHBIM
TUMaM 000PYOBaHMS, UTO MO3BOJISICT IPUMEHSITH €€ HE TOJBKO B HACOCHOM, HO U B

JIpyrux TUmax oOopyloBaHMil Oe3 CYIIECTBEHHBIX M3MEHEHHI MpUHIIMIIA pacuera.
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HckmoueHrne cocTaBIT U3MEHEHHUSI HACTPOEUYHBIX KOA(PPUIIMEHTOB U IEPUOANYECKAs
KOPPEKTHPOBKA IIEJIEBBIX TPEHIOB XAapaKTEPUCTUK B CBSA3M CO CTapeHUEM

00opy10BaHUS.

3.4 [loBbIlIeHHEe POOACTHOCTH AHAJIM3MPYIOLIE MPOrpaMMbl

B BBIOJHEHHOM WCCIIEIOBAaHUM 3HAYCHUS BPEMEHHBIX pPSIOB  ObLH
IpEBAPUTEIILHO TIOJBEPTHYTHl (QHUIbTpaNMU. B peanbHON e MpakTUKE MpH
IKCIUTYaTUPOBAHUHM CHUCTEMBl MOHUTOPHHTA C TpeIsiaraeéMoil MPOTpamMMON MOXKET
NoTpeOOBATHCS  JIOTIOJIHUTENbHAS ~ (QUIBTpAMsS WCXOMHBIX JAHHBIX WM KE
PE3yIBTUPYIONUX 3HAUEHUHN IMOKa3arens «kKuBydecTn». CBS3aHO 3TO, B MEPBYIO
o4epesib, ¢ TEM, YTO Ha MPEINPUATHSIX 3a4acTyI0 WHTEPBAIBI MEKIY M3MEPCHUSIMU
nokazaresnieii 000py/lOBaHMS 3HAYUTEIHHO MEHBIIE WHTEPBAIOB, HCIOIH30BAHHBIX
s uccnenoBaHud. IlodToMy, B LENSIX CHUKEGHHS BIMSHUS TaK Ha3bIBAEMOTO
«Oemoro mryma» Ha IOKa3aHUS TPEHIIOB M TIOBBINICHUS POOACTHOCTH CHUCTEMBI,
IpeIaraeTcs UCIOJIb30BaTh HECKOJIBKO METOIOB (PHIIBTPAIIH 3HAYCHUH.

B kadectBe mpumepa MpoIeMOHCTPUPYEM HECKOJIBKO BApUAHTOB (PIITBTPAIIUH
JIAHHBIX, pealn30BaHHbIX B mporpammuoi cpeae MathCAD [39]. s otoOpaskeHus
pesyibrata (pUIBTpAIIMM MCIONB3YeM pe3yiabTaT HM3HAYAIBHOTO HCCIIEAOBaHUS,
MPEICTABJICHHBIN HA PUCYHKE 3.5.

[TepBbIit coco6 ¢GuibTpanuu — MeauaHHoe criaxkuBanue medsmooth (y,n),
rlie Y — BEKTOp 3HAUCHWH CUTHANa, N — mapamerp, ONpeACsSIONIniA KOJIUIeCTBO
OKOH CIJIaKMBaHUS, HA KOTOpOe OyneT pa30UT MHTEpBaJ IpH 00padoTKe AaHHBIX (N
MOET OBITh TOJILKO HEYETHBIM IIEJIBIM YHCIIOM, CTPOTO MEHBIINM, Ye€M KOJHMYECTBO
AJIIEMEHTOB B BBIOOPKE). ITa (QYHKLMS peaanu3yeT NOMyIIPHBIA aJrOPUTM «OEryImx»
meauan (running medians). O6s3aTeIbHBIM YCIIOBHEM MPH €€ TIPUMEHEHUH SBISCTCS
TO, YTO OJMIIMPHYECKUE TOYKH JOJDKHBI OBITH PAaBHOMEPHO paclpe/ieieHbl Ha
npoMexxyTke. M3 Bcex BeTpoeHHbIX ¢(yHKmi criaaxuBanus MathCAD medsmooth

ABJIIETCS] HanOOoJIee HaIe)KHOM, OJTHAKO M HAMMEHEE YHUBEPCATbHON (QyHKITUEH .
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Pesynbrar npumeHenums ~ QyHkumu — medsmooth s w3HadanbHOTO

WCCIICIOBAHUS NTOKA3aH HA PUCYHKE 3.25.

| ”
[=1
=3
(=3

T

1

[=1
=3
[y
T
|

=3

T T 1740 A 800
u LU = o U

Pucynok 3.25 — [Ipumenenue ¢pyukiun medsmooth aist unsrpariu Bpementoro psaa (N = 9)

Crnenyromuii cocod (GpuiabTpany JaHHBIX — sAAepHOE criiaxkuBanue KsSmooth
(x,y,b), rie X m y — BekTOpBl JaHHBIX, b — IIMpHHA OKHA CrIAXUBaHHUSA (ITOT
nmapaMeTp IO BEIMYMHE JOJDKEH paBHATHCA OOIIeH BEIMYMHE HECKOJIBKHX
IIPOMEXKYTKOB, pAa3JICAIONMX B JaHHOW BBIOOpPKE coceaHue ToukH). JlaHHas
BCTpOSHHAsT (PYHKIMS peanu3yeT CrIaKMBaHWE HAa OCHOBaHHWH alropuTMma laycca.
Jlyuie Bcero ¢yHkius KSmoOoth moaxoauT A yeTpaHEHUs IIIyMOB B CTAllAOHAPHOM
CHUTHAJIC.

PesynbraT npumenenus ¢ynknun KSmooth mist u3HavaabHOrO MCCIeq0BaHUS

MOKa3aH Ha pUCYHKeE 3.26.
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Pucynok 3.26 — [Ipumenenue ¢pyukiuu kKsmooth mist punsrparu Bpementoro psaa (b = 30)

B kauectBe emnie 0JJHOrO nmpumepa MPUBEAEM MOJIMHOMUAIBHOE CTIIaKHMBAHUE
supsmooth (X,y), Tie X U Y — BEKTOpbI JaHHBIX. OCYIIECTBISCT CIIIaKUBAHHE C
MOMOIIIBIO JJAITUBHOTO QJIrOPUTMa (B OCHOBE KOTOPOTO JICKUT METO]T HAUMEHBIITNX
KBa/IpaTOB), OCHOBAHHOT'O Ha aHAJIM3€ B3aMMHOTO PACIIOIOXKEHUSI paccMaTpUBAEMOM
TOYKU W OMKaMImMX K Hed (MX KOJIMYECTBO 3aBUCHUT OT OCOOCHHOCTEH IMOBENCHUS
rpaduka 3aBUCUMOCTH). JlaHHAs PYyHKIMS JTydllle BCEro MOAXOAUT JJIsl CTIaKUBAHUS
CJI0’KHBIX HECTALIMOHAPHBIX CUTHAJIOB.

Pesynprar  mpumeHeHus — GyHKIMH ~ SUPSMOOth s M3HAYaIBHOTO

UCCJIEIOBAHMS MIOKa3aH Ha PUCYHKe 3.27.

n STl 40 AN 300
w bl =0 Uy i

Pucynoxk 3.27 — [Ipumenenune GpyHKunu SUPSMOOth ast pubTpamuu BpeMeHHOTo psa
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3AKJIIOYEHUE

B nanHoit pabote Obl1a paccMOTpEHA OJTHA U3 KIIOYEBBIX 3a/1a4 pallMOHAIbLHON
OKCIUTyaTalliM arperaroB HegTenepepadaThIBAIOMIUX 3aBOJOB — MOHUTOPUHT
cocTtosiHug o0opyAoBaHusl. HecBoeBpeMeHHBIN KOHTPOJIb HAaJl TMOBBIIIAIONIUMUCS
HKCIUTYaTallMOHHBIMU U (PYHKIIMOHAIBHBIMU TMOKA3aTeNIIMH YCTAaHOBOK MPHUBOJIUT K
BHE3AIIHBIM MOJIOMKAM U aBapHUsIM.

JIutepatypHo-uH)OPMAITMOHHBIN 0030p nokasa, 4TO
HedTenepepadbaThIBAIOMINE 3aBOJBI SIBJSIOTCS CIOKHOW TEXHWYECKOW CHUCTEMOU W
BO3HMKHOBEHHUE JaXe MaJleWIIuX HeucrnpaBHocTed B obopynoBanuu HII3 moxer
IPUBECTU K CHIDKEHUIO HAJIEKHOCTU U 0€30MaCHOCTH TEXHOJIOTMYECKUX IPOIIECCOB
WIM BCEro Mpou3BoJACTBa B 1enoM. [losTomy B paHHON pabore Oblia MOCTaBIIECHA
LeJdb — COBEPUICHCTBOBAaTh CHCTEMY MOHMTOPHMHIA U KOHTPOJII COCTOSIHHUS
oOopynoBaHusi HedTenepepadaThIBAIOIIMX 3aBOJOB HAa OCHOBE KOMIUIEKCHOTO
aHajau3a BUOpOMOKa3aTesiel U APYrux XapakTepucCTUK. (s MoCTHXKEHUs PTOU I1eNu
ObUIM pEILIEHBI CIEAYIOIINE 3a/1a4u:

- U3y4YE€HBI CYHIECTBYIOLIME METO/IbI OLICHKU HaJEKHOCTU 000PYI0BaHUS;

- IPOAHAIM3UPOBAHO BIUSHUE IPOBEICHUS TEXHUYECKHX OOCIYyXKMBaHHH Ha
HKCIUTYaTallMOHHYIO HAJEKHOCTh OOOpPYJOBaHUS Ha MPOTSKEHUH €r0 KU3HEHHOTO
LUKJIa;

- OTIpeJIeJIeHa  YYBCTBUTEJIBHOCTh BHUOpONApaMeTpoB, HCHOJb3YEMBIX B
nporpamme i 0J10Ka aHallu3a COCTOSTHUS 000PYI0BaHUS;

- OCYILIECTBJIEH BBIOOpP BBIXOJHOTO MapameTrpa B OJIOKE aHaiM3a COCTOSHHUS
000py10BaHUs B BUJE NTOKA3aTENs «CKUBYUECTIY;

- IpeVIOKEHA CTPYKTYpHasi cxeMa OJI0OKa aHaju3a COCTOSHUSA 00OpyAOBaHMS,
ONPEIENSIONIErO MTOKA3aTeNb KUBYUYECTHY;

- onmucaH mpUHOUN (YHKIUOHUPOBAHUS OJOKa M CHOCOO OIpeAesiCHUs
MOKa3aTelis «GKUBYUYECTH», TTO3BOJISIIOLIEIO OLIEHUBATh U MPOTHO3UPOBATH COCTOSIHUE

arperara MCxxay TCXHHUYCCKNMU O6CJ'Iy>I(I/IBaHI/I$IMI/I.
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B TexHMYECKOM NpPENJIOKEHHHM, BBIHOCUMOM Ha 3alllUTy, Hpearaercs
UCIIONIb30BaTh I KOHTPOJS M MPOTHO3MPOBAHUS COCTOSIHHSI 00OpYyIOBaHUS OJIOK
aHaJln3a, MPUHLMI padOThl KOTOPOIO OCHOBAH HA OIPEJIEICHUM I10Ka3aTems
(OKUByYeCTH» —  0Oe3pa3MepHOW  BEIWYHMHBI, OTpPAXKaWIEH  CIOCOOHOCTH
0o0Opy/lOBaHUSl ~ COXpaHATh PabOTOCHOCOOHOCTH 1O  HACTYIUIEHMSI MOMEHTa
TEXHUYECKOTO  OOCIIy>)KMBaHMsl, @  TaKXKe  IPOTHO3UPOBAaTH  BO3MOYKHOCTb
IKCIUTyaTaluu arperata 6e3 mpoBeaeHus TO mpu coOXpaHEHHH HA MPEKHEM YPOBHE
TPEHAOB OCHOBHBIX JMAarHOCTHYECKUX NapameTpoB. Mcrnoiap30BaHME KOMILIEKCHOIO
aHaJIn3a IapaMeTpPoOB, XapaKTEPHU3YIOIIUX COCTOSHHE OOOpYyIOBaHUS, IO3BOJIHUT
NIEPCOHAITY CBOEBPEMEHHO IMOJIy4aTh CHUTHAJIbl O BOZHUKHOBEHUH HEUCIPABHOCTEU U
yCTpaHATh MX, M30eras NOBPEXIECHUNW TEXHOJOTMYECKOr0  000pYJOBaHMS,
HapyILIEHUsT TEXHOJIOTMYECKOro mpouecca M obecreunBas O€30MaCHOCTh CaMOro
nepcoHana. JlaHHele Mepbl, B Cllydae BHE3alHOW IOJOMKH HJIM aBapuH, AT
BO3MO>KHOCTh MPEAOTBPATUTh HECEHUE S3KOHOMUUECKHUX YOBITKOB MPEATIPUATHEM.

B nanpHelimeMm BBIMIEONHCAHHBIA CIOCOO OLIEHKH COCTOSIHHMSI OOOpYAOBaHUS
IIPEJIaracTCsl peajin30BaTh B BUJAE KOMIIBIOTEPHON IPOrpaMMbl, NHBAPUAHTHON IS

BBI6paHHOFO THUIIA arperara 1 KOJIM4eCTBa AUArHOCTUPYCMBIX I1apaMCTPOB.
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Abstract. The article discusses the problem of diagnosing technological compressor equipment.
The typical causes of defects in screw compressors and the causes of their occurrence are
considered. The choice of vibration diagnostics sensors to create a system of complex diagnostics
of technological equipment is substantiated. The results of expert evaluation of vibration sensors
are presented, which determine the most effective solution for the diagnostic system.

1. Introduction

At the present stage of development of oil and gas production, screw compressors are almost universally
used in the preparation and compression of gas. Many processes in the integrated gas preparation, in
particular those occurring at the gas condensate separation unit or at the low pressure gas compressor
station, are carried out by screw compressors. Since in screw compressors the pumping of the working
medium is carried out due to the reciprocal rotation of the screws, this type of equipment is the subject
of research by specialists in vibration diagnostics [1-3].

Vibration is a serious problem and can lead not only to a negative impact on production personnel,
but also to a decrease in compressor performance, destruction of pipelines and units. Screw compressors
are used in various industries for gas compression and pumping, so it is worth considering the main
features of diagnostics of defects in them, based on the analysis of working vibrations. In addition to the
standard vibration problems inherent in all rotary machines, screw compressors have screw pair defects
that determine the difference between the vibration spectra of screw compressors and the spectra of
other units.

Vibrations of screw compressors can be caused by the following reasons: poor-quality axial
mounting and fixing the position of the screws, an increase in the clearance between the screws, caused,
as a rule, by the general wear of the screws or thrust bearings, an increase in the clearance in the plain
bearings, in which the rotors rotate and wear of gears connecting screws [4, 5].

Vibrations of the compressor caused by the above problems pose a serious threat to the safety and
operational reliability of the compressor, so it is very important to recognize the signs of the appearance
of such defects at an early stage of development. In this regard, it seems relevant to select and justify
the effective elements of the vibration diagnostic system for such compressors. This is an important
stage in the construction of an integrated diagnostic system for compressor technological equipment,

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOIL
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since sensory devices are used to form an information base for further analysis and decision making [6,
7].

2. Description of subject methods
In addition to the usual vibration problems of rotating equipment, there are specific defects in screw
compressors due to their design features. The causes of compressor vibration may include [8, 9]:

Poorly installed and loose base frame.

Defects in the plain bearings or gearing of the gearbox and the coupling.
Problems associated with lubrication.

Defects of rotor blades.

Malfunctions of the drive motor.

Rotor imbalance and poor shaft alignment.

Possible specific problems of increasing the vibration level of screw compressors are the following
equipment defects [10, 11]:

e Poor-quality axial mounting and fixing the position of the working screws.

e Increase in working clearances between the working screws, which usually occurs due to the
general wear of the screws or thrust bearings.

e Increase in the gaps in the radial and thrust bearings, in which the rotors rotate.

e Wear of the gears of the gear pair connecting the working screws.

The above reasons are strongly related to each other, for example, the appearance of an increased
clearance in the thrust bearings automatically leads to a change in the clearance between the screws, etc.
Tolerances for vibration of equipment and its individual parts are usually established by the
manufacturer of this equipment. In the absence of regulatory documents from the manufacturer
containing vibration tolerances, the recommended vibration tolerances are used, as presented in GOST
ISO standard 10816-1-97 “Vibration. Monitoring the condition of machines according to the results of
measurements of vibration on non-rotating parts. Part 1. General requirements”.

However, despite the availability of regulatory and guidance documents, an analysis of studies in
this area shows that the control of vibration effects in screw compressors is an urgent technical problem.
In accordance with this, the following research objective was set: the creation of an automated system
for determining the safe operation of a screw compressor based on an analysis of working vibrations.
The implementation of such a system will allow to control and prevent the formation of defects arising
from the fault of vibration, even in the early stages of their formation. Generalization of such a system
for other elements of technological systems will allow for the implementation of a comprehensive
technical solution for the reliability management platform for technological equipment [12, 13].

In terms of diagnosing compressor processing equipment, to achieve this goal, the following steps
must be completed.

e Perform an expert evaluation of vibration sensors in order to select the most suitable compressor
for installation on a screw type.

e Determine the installation location of the vibration sensors.

e Develop an analyzer program that will allow evaluating the condition of compressor equipment
by the totality of vibration indicators collected from all installed sensors.

In the framework of the research presented in this article, the stage of expert evaluation of vibration
sensors is described in order to choose the most suitable compressor for installation on a screw type.
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2.1. Selection of sensors for expert evaluation

To conduct an expert assessment of vibration sensors and select the most suitable as installed on a screw
compressor, it is necessary to determine the range of devices under consideration. According to the
results of preliminary analysis and operating experience in research and production facilities, the
following vibration sensors are presented as compared ones:

Vibration transducer VKT-10.

Digital vibration sensor DVTs-301.

Vibration sensor Hensford Sensors HS-421.

Vibration velocity sensor with current output DVST.
Vibration transducer with HART protocol AV02-0.08.

The following is a brief description of each of the devices considered during the research.

2.2. Vibration transducer VKT-10
The VKT vibration transducer is designed for vibration control of compressors, electric motors, and
other dynamic equipment.

Below are the main advantages of the VKT-10 vibration transducer:

Explosion-proof execution of Exia.

Low price.

Intertesting interval 2 years.

Sealed IP68 housing.

Arbitrary polarity of connection, MIL-DTL connector.

2.3. Digital vibration sensor DVC-301

Digital vibration sensor DVC -301 is designed to control vibration and can be used in blocking systems
of units (pumps, compressors and other technological equipment), in the chemical, petrochemical, food,
medical and other industries in normal and explosive operating conditions. The sensor converts vibration
parameters (vibration acceleration, vibration velocity, vibration displacement, vibration frequency)
along two mutually perpendicular axes into their corresponding digital signals.

The digital signal from the sensor output via the RS-485 serial interface via the MODBUS-RTU
protocol can be transmitted via a four-wire communication line to the specialized microcontroller SMK-
302-2-4C, SMK-302-2-8C, BUIR-301-16-VTs or to any PC.

The DVTs-301 sensor monitors the vibration parameters along two axes: along the Y axis, which
coincides with the axis of the mounting stud, and along the X axis, perpendicular to the Y axis and lying
in the plane of the sensor body. Full details of the digital vibration sensor DVC -301 are given in [14].

2.4. Vibration Sensor HS-421
The HS-421 vibration sensors have an analog output of 4..20 mA in proportion to the RMS value of
vibration velocity and an additional AC output of vibration acceleration of 100 mV/g. There is
experience in the successful use of such sensors to control the vibration of rotating parts of machines in
industrial facilities. In general, the HS-421 is characterized as a relatively economical solution with the
ability to directly connect to a PLC or any 4..20 mA analog input module.

Below are the main features of the HS-421 vibration sensor:
4..20mA output in proportion to the RMS of the vibration velocity.
Range of operating frequencies from 10 Hz to 1 kHz.
Degree of protection IP65, IP67 or IP68, work under water, depth up to 100 meters (10 bar).
Built-in cable or connector (indicated when ordering).
Operating temperature from -25 to +90 degrees.
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2.5. Vibration velocity sensor with current output DVST
Vibration velocity sensors with a current output of the DVST type (hereinafter referred to as the DVST
vibration sensors) are designed to control the vibration of various machines and mechanisms with
rotating and reciprocating motion. Sensors of vibration velocity with a current output of the DVST type
are designed to convert to a direct current of 4-20 mA the mean square values of vibration velocity at
controlled points of installations and equipment.

The sensor consists of the following functional devices enclosed in a single housing:

e Piezoelectric or integrated vibration transducer that converts mechanical vibrations (vibration)
into electrical ones.

e Matching device that ensures coordination of the output resistance of the vibration transducer
and subsequent devices.

e Electronic filter-amplifier that forms a normalized operating frequency band and amplifies a
weak signal coming from a vibration transducer.

e Root mean square detector.

e Voltage-current converter, which gives a 4-20 mA current to the communication line,
proportional to the mean square value of the vibration velocity at the controlled point.

2.6. Vibration transducer with HART protocol AV02-0.08
Vibration transducer with HART protocol AV02-0.08 is designed for measuring the RMS of vibration
velocity in stationary vibrodiagnostic systems with a standard current output (4-20 mA).

Below are the features of this vibration transducer:

e Conversion of a signal proportional to vibration velocity from a piezoelectric element to a
standard current signal of 4 ... 20 mA.

e Electrical isolation of the piezoelectric element and built-in amplifier-converter from the

housing eliminates the influence on the measurement results of grounding loop currents.

Robust construction, sealed housing and one-piece armored cable.

Stability of characteristics and reliability during operation.

Transmission of a current signal at a distance of up to 1,000 meters.

Assessment of machine vibration according to GOST ISO 10816-97, GOST ISO 10816-3-2002.

Digital data transmission via HART protocol.

2.7. Definition of criteria for expert evaluation

Expert evaluation of vibration sensors is outperformed according to six criteria on a 10-point scale.
Below are the criteria themselves and a description of the comparative part of each of them. The
maximum score according to the criterion “Range of measurement of the vibration parameter” is
assigned if the vibration velocity parameter is measured in a range that allows covering all normalized
values with a margin, i.e. from 0 to 100 mm/s. With a decrease in the extreme boundary of the range by
10 mm/s 1 point is removed.

The maximum score according to the criterion “Cost of equipment” is assigned if the cost of
equipment is in the range from 100 dollars to 150 dollars (excluding installation and maintenance costs).
With an increase in value by 15 dollars, 1 point is removed.

The maximum score according to the criterion “Dust and moisture protection category” is assigned
due to following rules.

e Vibration sensor has the IP68 category (i.e. it is completely protected from dust and has the
ability to work in submerged mode).

e Vibration sensor meets several dust and moisture protection criteria at once, for example
IP67/IP68 (up to IP65).
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With a decrease in the dust and water tightness category up to IP65, 1 point is removed. If there is a
category for dust and water tightness below IP65, the device is assigned 0 points. The maximum score
according to the criterion "Operating temperature range" is assigned if the vibration sensor is operable
in the range from -55 to + 85 °C. By reducing the temperature range by 5 °C, 1 point is removed. The
maximum score according to the criterion “Limits of deviation of indicators” is assigned if the error of
the sensor does not exceed 5%. With an increase in the sensor error by 1%, 1 point is removed.

According to the criterion “Availability of a digital transmission protocol”, the maximum score is
assigned if the vibration sensor has the ability to transmit digital data using various protocols (HART,
MODBUS-RTU, etc.). In their absence, the sensor is assigned 0 points.

3. Experimental study

The expert group consists of 3 people, each of which evaluates all the vibration sensors presented for
comparison according to each of the criteria. The expert group includes specialists from enterprises of
the state oil company that carry out activities related to the operation of screw compressor equipment.
The results of expert evaluation are summarized in the Table 1.

Table 1. Expert group evaluation of vibration sensors.

Criterion Weight  VKT-10 DV(C-301 HS-421 DVST-3-2-P  AV02-0.08
Range of

measurement of the 0.19 3 10 10 5 10
vibration parameter

Cost of equipment 0.17 10 10 2 10 10
Dust aqd moisture 018 10 0 9 9 5
protection category

Operating temperature 0.15 9 6 5 6 7
range

lelts of deviation of 015 10 5 10 10 10
indicators

Availability of a

digital transmission 0.16 0 10 10 10 10
protocol

Sum 0.19 3 10 10 5 10

In order to identify the most effective sensor in the opinion of the expert group, it is required to
multiply the weight of each of the criteria by the ratings made by experts. After that, the summation of
the obtained products for each of the sensors is performed. The calculation results are presented in the
Table 2.

Table 2. Final results of expert evaluation.

Criterion Weight VKT-10 DVC-301 HS-421 DVST-3-2-P  AV02-0.08
Range of

measurement of the 0.19 0.57 1.9 1.9 0.95 1.9
vibration parameter

Cost of equipment 0.17 1.7 1.7 0.34 1.7 1.7

Dust and moisture

. 0.18 1.8 0 1.62 1.62 0.9
protection category
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Operating temperature

0.15 1:35 0.9 0.75 0.9 1.05
range
Linits.of-devistionof 0.15 1.5 0.75 1.5 1.5 1.5
indicators
Availability of a
digital transmission 0.16 0 1.6 1.6 1.6 1.6
protocol
Sum 1 6.62 6.85 7.71 8.27 8.65

According to the results of the expert analysis, it was found that the most effective of the presented
vibration sensors is a vibration speed transducer with the HART protocol AV02-0.08.

4. Conclusion
The article discusses the features of vibration diagnostics of screw compressors, as well as expert
assessment is carried out in order to determine the most suitable vibration sensors. Vibrodiagnostics of
compressor equipment with the help of vibration analyzers cannot be automated, since it requires the
presence of specially trained personnel and the performance of certain actions in the area of operation
of the compressor unit. Therefore, it is required to use vibration sensors that can automatically transmit
readable readings to the compressor control panel.

According to the results of the expert evaluation, the most suitable vibration sensor for installing it
on the RCU VMY536M screw compressor is a vibration speed converter with the HART protocol
AV02-0.08.
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Abstract. Currently, one of the most widely used and effective types of technological equipment
is screw compressor equipment. Along with the fact, that such equipment has a number of
advantages that determine its high efficiency, it is characterized by increased wear of important
structural elements. This can lead to reduced compressor efficiencies and malfunctions that can
result in emergencies. In this regard, the paper presents the results of developing a scheme for
continuous monitoring of the technical condition of screw compressor units. Variants of
installing vibration sensors that provide data collection of vibration diagnostics are determined.
In order to automate the analysis of the collected data, it is proposed to use the method of data
mining based on neural networks to recognize the technical condition. The results of testing the
neural network data method of a real compressor unit are presented.

1. Introduction

At the present stage of development of oil and gas production, the preparation and compression of gas
is not possible without the use of screw compressors. Many processes in the integrated gas preparation,
in particular those occurring at the gas condensate separation unit or at the low-pressure gas compressor
station, are carried out by this type of compressor equipment. Among screw compressors, one of the
most widely used types in the oil and gas industry is Aerzen VMY compressors. Aerzen VMY are oil-
injected screw compressors with an integrated capacity controller that have been developed for suction
flow rates from 500 m3/h to 8900 m3/h and for overpressure - a single-stage compressor has a
compression pressure of up to 20 bar.

The VMY series are screw compressors designed to meet the requirements of a wide range of
applications for the process gas industry. Initially, it was assumed that these compressors will be used
in closed refrigeration cycle systems (ammonia, refrigerants, helium). Nowadays, such compressors are
used to compress natural gas, inert gases, ammonia, helium, hydrocarbon, hydrogen chloride, carbon
dioxide, mixed and process gases. This type of compressor enables adaptation to a specific operating
mode by means of an integrated automated stepless adjustment of capacity [1-3]. The compressor is
cooled by oil injection, which allows the compressor to cope with fluctuations in flow, temperature and
pressure. However, in screw compressors, there are defects in the screw pair, which can cause an
increase in the level of vibration:
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N

of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1

106



APITECH-2019 IOP Publishing
Journal of Physics: Conference Series 1399(2019) 022058  doi:10.1088/1742-6596/1399/2/022058

e Poor-quality axial mounting and fixing the position of the screws;

e Increase in the clearance between the screws, caused, as a rule, by the general wear of the screws
or thrust bearings;

e Increase in the clearance in the plain bearings, in which the rotors rotate;

e  Wear of gears connecting screws.

Compressor vibrations caused by the above problems pose a serious threat to the safety and
operational reliability of the compressor, so it is very important to recognize such defects in the early
stages of their formation [4, 5]. For this purpose, the problem of designing a system of continuous
vibration monitoring of the technical condition for the compressor unit is developed and presented in
next sections. Taking into account the developed scheme, the neural network data mining approach of
vibration monitoring was tested.

2. Screw compressors

The purpose of screw compressors Aerzener VMY.36 is to provide volume-controlled flow with oil
injection and compression of process gases and refrigerant gases [6]. No condensation or contamination
should be present in these gases. The working chambers of screw compressors are enclosed in the
housing one, two or more screws that are engaged. That is, screw compressors can be: single-screw,
twin-screw, etc. When the screws move, working volumes of space are formed, limited directly by the
screws and the walls of the housing.

Compared to other types of compressor equipment, a screw compressor has several advantages:

e High efficiency compared to other types of compressors (up to 95% compared to piston
compressors, the efficiency of which reaches 60%).

e Small contact surfaces reduce friction in the screw block. A lower coefficient of friction, as well
as the absence of the need to convert the rotational motion of the engine into reciprocating
motion of the pistons, significantly increase the efficiency of the compressor.

e Screw block provides a smooth decrease in the rotation speed, as a result of which the amount
of compressed air produced is reduced without the appearance of pressure surges in the system,
which are typical for piston installations in the event of a slowdown of the piston. In addition to
increasing the efficiency of pneumatic equipment, this effect allows to reduce the volume of the
receiver.

e Relatively low working noise.

However, screw compressors also have a number of disadvantages:

e High cost of the main element of the compressor is a screw block. When it fails, there is usually
no possibility of prompt repair right at the factory.

e Engineering complexity of mechanisms.

e Screw block is subject to increased wear if the compressor is used in a working space with high
dust content.

Given the identified drawbacks of screw-type compressors, the urgent question is to increase their
operational reliability through the use of highly efficient methods for determining the technical
condition [7-8]. Since the conditions for using compressors can vary significantly depending on
operating conditions, it is necessary to use methods for recognizing the technical condition and take into
account their results when planning and conducting preventive measures, as well as during operation.
Accordingly, it is necessary to develop and implement a scheme for continuous monitoring and
recognition of the technical condition of a screw compressor of the selected type. The most suitable
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option is to build such a system based on vibration diagnostic methods, as the most informative and
developed for this type of equipment [9]. In this regard, the task of selecting and placing vibration
sensors for the vibration monitoring system of screw-type compressors is further considered. This will
allow continuous monitoring of vibrations, in contrast to periodic monitoring provided by discrete
procedures for measuring vibration parameters.

It is important to select and study a method for processing continuous vibration monitoring data
concerning the need to implement a continuous monitoring system. In this case, it is necessary to
minimize human labor costs, and, consequently, to create a system that automatically determines the
current value and predicts the technical state of the type of technological equipment under consideration.
To solve such a problem during the study, the method of artificial neural networks was chosen as one
of the most effective methods for solving the problem of recognition, classification and prediction [10-
12]. This is confirmed by a significant number of successful approbations of the neural network method
for solving such problems [13-15]. The following provides a brief description of the artificial neural
network method, the selected scheme for its use for vibration monitoring of the technical condition of
compressor technological equipment. The results of testing on the data of vibration monitoring obtained
on real technological installations for the separation of gas condensate and propane refrigeration unit
are presented.

3. Selection of sensors and determining of their installation locations

At the preliminary stage, as a result of expert evaluation, the most suitable sensor for the type of
compressor considered was a speed transducer with the HART protocol AV02-0.08. It is this type of
sensor that needs to be installed on a VMY536M screw compressor. Vibration transducer with HART
protocol AV02-0.08 is designed for measuring the rms of vibration velocity in stationary vibrodiagnostic
systems with a standard current output (4-20 mA). The following are the features of this vibration
transducer:

e Conversion of a signal proportional to vibration velocity from a piezoelectric element to a
standard current signal of 4 ... 20 mA.

e Electrical isolation of the piezoelectric element and built-in amplifier-converter from the

housing eliminates the influence on the measurement results of grounding loop currents.

Robust construction, sealed housing and one-piece armored cable.

Stability of characteristics and reliability during operation.

Transmission of a current signal at a distance of up to 1,000 meters.

Assessment of machine vibration according.

Digital data transmission via HART protocol.

3.1. Determining the installation location

The next step is to determine the places for installing sensors and their number. In usual way specially
trained people using vibration analyzers take data from certain points on compressor units. For the most
part, measurements are carried out without disassembling the compressor and engine at points close to
the following installation details:

M1 - motor bearing from the side opposite to the drive;

M2 - motor bearing on the drive side;

Cl1 - bearing assembly of the compressor unit on the drive side;

C2 - bearing assembly of the compressor unit from the side opposite to the drive;
C3, C4 - subsequent bearing units.

Measurement of vibration indicators (often vibration speeds) are carried out in several directions:
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e H - the horizontal direction of measurements;
e V- the vertical direction of measurements;
e A -axial direction of measurements.

Based on the foregoing, we can conclude that the most important diagnostic parameter for screw
compressor units, and in general for compressor equipment, is the vibration level at the bearing supports.
The above points for measuring vibration of screw compressor equipment are presented in figure 1.

»

|
|
1 1

Figure 1. Points of measurement of vibration for vibration diagnostics of compressor
equipment using a vibration analyzer.

Accordingly, the selected sensors must be installed so that they read the readings of the changing
vibration velocity precisely at the points used in vibration diagnostics using a vibration analyzer. The
technical documentation for compressors of the VMY .36 series stipulates the availability of places for
installing vibration sensors at key points of the equipment, for example, bearing assemblies. Based on
this, it was decided that to create a system for the automated determination of safe operation modes of
an RCU VMY 536M screw compressor based on an analysis of working vibrations, it is necessary to
establish about six vibration speed converters with the HART protocol AV02-0.08.

3.2. Artificial neural networks approach for predicting the state of a screw compressor

After the vibration sensor is selected, their number and installation location are determined, it is
necessary to solve the problem of predicting the state of the screw compressor by the vibration
characteristics taken according to the selected scheme. As one of the options for implementing this task,
it is proposed to use prediction using a neural network.

Neural networks are self-learning systems that mimic the activity of the human brain. Let us consider
in more detail the structure of artificial neural networks and their application in specific tasks. Despite
the wide variety of options for neural networks, they all have common features. Neural networks, like
the human brain, consist of a large number of elements of the same type - neurons that mimic brain
neurons that are interconnected. Artificial neural networks are one of the most effective methods for
searching patterns, forecasting, and qualitative analysis [13-16]. The multilayer perceptron neural
network considered in this paper consists of several layers of neurons, each neuron of the current layer
being connected to each neuron of the next layer [17].

109



APITECH-2019 IOP Publishing
Journal of Physics: Conference Series 1399(2019) 022058  doi:10.1088/1742-6596/1399/2/022058

With the help of a neural network, it is planned to implement an analyzer program, which, in addition
to determining the vibration velocity indices on each of the sensors separately, makes it possible to
evaluate the state of the compressor installation from the totality of all measurement points.

A neural network will allow to analyze the data received from the sensors and determine the health
factor of the compressor equipment. We consider the technical condition (health) factor to be a number
from 0 to 1, where a value close to zero or equal to it means the equipment is inoperative, and a value
close to 1 means partial or full operability. For analysis within the framework of this work, we set the
boundary for the health factor of 0.6.

When analyzing vibrational characteristics at enterprises, the boundary of the condition factor is
selected by each operating organization independently. It should be noted that if the condition factor is
reduced to a boundary or close to it, urgent measures must be taken to eliminate the problems caused by
vibration exposure, up to stopping the compressor, unscheduled maintenance, repair, or, in extreme
cases, withdrawal from operation.

4. Experimental study
To predict the state of a screw compressor, a certain array of vibrational characteristics, read by sensors,
is required. To do this, we will use a sample of data received from the supervisor. The provided selection
consists of 1000 elements. A neural network was created and configured using the STATISTICA
program. The existing data array consists of 23 different indicators (horizontally), in which the indicator
under number 23 is the condition (health) factor.

All data in this column were obtained experimentally. Some results obtained for several neural
networks are shown in table 1.

Table 1. Results of numerical experiments.

Neural Network Training Data Error, % Test Data Error, %
Multilayer Perceptron 22-6-1 33 54
Multilayer Perceptron 22-15-1 2.7 5.3
Multilayer Perceptron 22-8-1 24 5.1
Multilayer Perceptron 22-17-1 2.7 4.6
Multilayer Perceptron 22-7-1 3.6 5.1

The results obtained demonstrate the success of testing the neural network approach to solve the
problem of vibration data analysis. The accuracy of the resulting neural network models with a
multilayer perceptron architecture is characterized by a small value of the standard error of 3% on the
training data and 5-6% on the test data. Such values obtained on the data of actually operated
compressors allow us to state the possibility of using the considered approach and vibration diagnostics
scheme as one of the basic for creating systems for ensuring the operational reliability of this type of
technological equipment.

A neural network as an analyser of data coming from vibration sensors, when used in production,
will work as follows. Neural network analyser is to obtain values from each sensor separately and
determine whether one of the vibration indicators is admitted or other indications. The neural network
application will also analyse the general condition of the screw compressor based on the receipt of
information from all sensors simultaneously.

Upon reaching the limit value of the condition (health) factor, which acts as the main indicator of the
performance of a screw compressor based on the analysis of working vibrations, the neural network will
signal the occurrence of defects. So, personnel of the will be able to eliminate them in time, without
causing serious damage to the installation, personnel or process.
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5. Conclusion

The urgent problem of constructing systems for continuous monitoring of the state of technological
equipment on the example of widely used screw compressor units is studied in the paper. The scheme
of such a system for monitoring the technical condition is determined, including the choice of the
installation scheme of vibration sensors and the method of analysis of data received from them. It is
proposed to use vibration transducers with the HART protocol AV02-0.08 for measuring indicators on
a compressor unit, and an artificial neural network as a method of analytical data processing. It is
assumed that, as part of an automated monitoring procedure, a neural network model will allow for the
processing of readings of installed sensors, both individually and in combination.

Usage of neural network will allow to receive timely signals about the occurrence of certain defects
of a screw compressor and eliminate them, avoiding damage to the compressor installation, disruption
of the process and ensuring the safety of the personnel themselves. This will make it possible to prevent
the company from incurring economic losses in the event of a sudden breakdown or accident.
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Abstract. The article considers the problem of choosing a data analysis tech-
nology for designing a system for identification and predicting failures of
technological equipment based on vibration monitoring data. The task of ana-
lyzing vibration monitoring data is solved in relation to the technological
equipment of a fuel-oriented oil refinery. The article presents the results of the
sensitivity analysis of the models for determining the type and failures with
respect to various vibration parameters recorded by a system of vibration sen-
sors. The results of the analysis based on data on failures show a difference in
determining the most significant factors for different methods of data analysis. In
the article for designing models for determining failure types, methods of dis-
criminant analysis, decision trees, multidimensional regression splines, and a
neural network approach are considered. As a result of applying the methods to
the data set on failures of technological pumping equipment, it was determined
that the method based on artificial neural networks is the most effective. Taking
into account the use of tools for the automatic construction of neural network
classifiers, such models can be further used in an automatically deployed global
system for ensuring the reliability of technological equipment in oil and gas
production. #COMESYSO1120

Keywords: Data analysis - Classification of failures + Artificial neural
networks - Technical diagnostics

1 Introduction

The current state of oil and gas production is characterized by an increasing integration
of information technology in various production and auxiliary processes. Such pro-
cesses include the process of technological equipment maintenance and the operational
reliability ensuring [1-3]. Modern requirements for the efficiency and safety of pro-
duction systems place high demands on the reliability of technological complexes, and,
therefore, on the accuracy of diagnostic and monitoring procedures [4-6]. In this
regard, the study of methods and technologies for constructing highly efficient systems
for determining emergency situations, equipment failures and their prediction is an
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actual area of research. Automation of such systems will allow them to smoothly
integrate into the created cyberphysical production systems, which are being devel-
oped, including for enterprises in the oil and gas industry [6-8].

Large-scale distributed technological facilities consist of diverse types technolog-
ical equipment which integrated into technological complexes. An example of a dis-
tributed technological facility is the infrastructure of a modern oil refinery, which
operates on a large territory and consists of several thousand elements of equipment
and various technological complexes that service the processes of oil refining. Even
one element failure may lead to the disturbance of the entire process and the transition
of many related elements of equipment to the pre-emergency state. One of the possible
problem solution is end-to-end monitoring, taking into account the entire structure of
the complex and the interdependence of processes.

The absence of a system including end-to-end monitoring increases the economic
risks of the enterprise, as well as the risks of safety breaches, including environmental
and energy breaches. Its presence makes it possible to automate ongoing processes, to
conduct timely monitoring of changes in performance indicators. The implementation
of a monitoring system for the state of production facilities will allow achieving
maximum productivity due to smooth operation [9].

Also, at the present stage of oil and gas production, the main innovations in oil
refining are associated with the development of digital technologies that ensure higher
efficiency and safety of production processes. The use of modern systems for moni-
toring the state of technological objects that is one of the key tasks in implementing the
concept of a “digital plant”, which the vast majority of world oil refineries are oriented
towards [10-13].

However, in many types of equipment of oil refineries such as pumps or com-
pressors, there are defects which can cause an increase in the vibration level [14, 15].
As for compressors vibration measurements are usually used to predict such defects as
poorly installed and loose base frame; defects in the plain bearings or in gearing of the
gearbox and the coupling; problems associated with lubrication; defects of rotor blades;
malfunctions of the drive motor; rotor imbalance and poor shaft alignment [16].

For pumps vibration analysis make it possible to detect and forecast the develop-
ment of such defects as incorrect alignment with the driven mechanism (pump); poor
condition (or poor manufacturing) of the coupler, finger wear, misalignment of the
holes for the fingers or misalignment of the coupling halves; imbalance of the impeller
(rotor) of the driven pump, which is especially common in high speed pumps or pumps
with dynamically unbalanced impellers; imbalance of the rotor of the electric motor;
defect in the bearings of the pump or electric motor; defects in the foundation and
foundation frame of the unit; bending of the shaft [17, 18].

Equipment vibrations caused by the above problems pose a serious threat to the
safety and operational reliability of the equipment so it is very important to recognize
such defects in the early stages of their formation. For this purpose, the problem of
designing a system of continuous vibration monitoring of the technical condition for
the pump unit is developed and presented in next sections. Taking into account the
developed scheme, several data mining approaches for vibration monitoring data
analysis were evaluated using real-world and well-known data sets.
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2 Vibration Parameters and Monitoring

Vibration level and vibration parameters are main data receiving by vibration moni-
toring system. It allows to identify changes in the equipment elements state and in some
cases predict possible failures. Vibration monitoring of compressor and pumping
equipment is based on the principle of data collection and data analysis based on the
analysis of vibration transducers. For example, to calculate and compare the root-mean-
square (RMS) values of vibrations with the limit settings for 16 spectral bands, a signal
is continuously collected and processed. In case of exceeding the warning level about
alarms, informing staff about the need for action. If vibrations exceed the emergency
level, the unit can be stopped automatically.

Existing vibration monitoring methods for the most part implement the so-called
principle of “information completeness”. Under conditions of uncertainty about the
type of failure, for diagnostics, in addition to previously known signs of failure,
unknown ones are also used that remained in the vibro-acoustic signal after recursive
selection of known ones. The selection of known features occurs in such a way that
events leading to a change in unknown features constitute a “complete group” in a
statistical sense. Based on this approach, the root-mean-square values of vibration
acceleration, vibration velocity and vibration displacement were selected as diagnostic
attributes of the first level that make up the “full group”. These parameters are standard
for vibration diagnostics and emphasize respectively high-frequency, mid-frequency
and low-frequency vibration bands. The high-frequency component best describes the
problems of the mechanisms (defects and malfunctions in bearings, blades, screws and
similar elements). The mid-frequency and low-frequency components are correlated,
respectively, with the problems of the state of aggregation (balancing, alignment,
alignment) and the problems of fastening the units and connecting structures (foun-
dations, bases, pipelines).

Accordingly, the data acquisition and analysis module in the vibration monitoring
system, in addition to having some type of classification algorithm initially, must
additionally self-learn through the accumulation and storage of the much unknown
signs of failures mentioned above. This is necessary in order to increase the accuracy of
defects detecting.

Vibration parameters sensitivity analysis was preformed using original data
obtained from petroleum-oriented oil refinery data base. It consists of about 300
diagnostic and failure analysis reports with the information of periodical maintenance
procedures and vibration monitoring data. The sensitivity analysis was performed to
find patterns between the values of vibration characteristics and failures that occur in
equipment. It was proposed to analyze the sensitivity of the available variable values to
further develop a mathematical apparatus for studying the reliability of pumping
equipment. Sensitivity analysis was made using preliminary application of several
classification methods: linear discriminant analysis, interactive trees, stochastic gradi-
ent boosting trees, multivariate adaptive regression splines (MAR Splines) and artificial
neural networks [19-23]. The results of determination of values of the variables
influence on the determination of a particular type of failure are presented in Table 1.
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Table 1. Predictors sensitivity analysis (1 means most important).

Predictor Linear Interactive Stochastic MAR Artificial
discriminant trees gradient splines | neural
analysis boosting trees network

Amplitude, 1 1 2 3 3

axial direction

Amplitude, 2 2 1 3 3

horizontal

direction

Amplitude, 3 3 3 2 3

vertical

direction

Velocity, axial 3 3 3 3 2

direction

Velocity, 3 3 3 3 92

horizontal

direction

Velocity, 3 3 3 2 2

vertical

direction

As seen, for different methods of data classification, the most important variables
for determining the target value are different. For neural network classification, the key
predictors are vibration velocity indicators. An analysis of a number of articles and
studies on vibration diagnostics shows, it is precisely the vibration velocity indicators
that are the main mid-frequency markers of vibration bands and allow to determine
with equal accuracy both problems in the mechanisms and components of techno-
logical equipment and problems in the state of the unit as a whole (foundation,
balancing, fastening and etc.).

For discriminant analysis and two types of decision trees, the most important of the
variables for classification are vibration amplitude indicators. Based on existing studies,
this type of measurement is not fully capable of reflecting failures arising in the
equipment, because vibration amplitude is often used to detect failures at low vibration
frequencies.

3 Numerical Experiments

The data set obtained from machine learning repository was used for numerical
experiments during experimental study [24]. This data set consists of a sample with
measurements of vibrational characteristics (vibration velocity and vibration dis-
placement) for 221 objects. The objects are pumping units. In total, up to 9 types of
measurements were observed for each object:
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sensor without filter, vibration amplitude, axial direction;
sensor without filter, vibration amplitude, horizontal direction;
sensor without filter, vibration amplitude, vertical direction;
sensor with filter, vibration velocity, axial direction;

sensor with filter, vibration velocity, horizontal direction;
sensor with filter, vibration velocity, vertical direction;

sensor without filter, vibration velocity, axial direction;
sensor without filter, vibration velocity, horizontal direction;
sensor without filter, vibration velocity, vertical direction.

Classes description and distribution of objects from data set used in numerical study
are presented in Table 2.

Table 2. Description of data set for numerical experiments.

Class | Description Number of objects
1 Problems in the joint 13
2 Faulty bearings 123
3 Mechanical loosening 6
-+ Basement distortion 5
5 Unbalance 12
6 Normal operating conditions |27
7 Shaft misalignment 42
8 Problems in the pump 26
9 | Problems in the motor | 8

10 Problems in the machine (includes first 5 classes,) 159

In the data set under consideration, each object corresponds to only one type of
failure - either basic (failure class 1-6), or composite (failure class 7-10), which is a
combination of basic types.

The purpose of the numerical experiments was to evaluate the effectiveness of the
data analysis methods involved for their subsequent use as part of a high-performance
system (platform) for managing the reliability of technological pumping equipment. An
assessment of the reliability of classification was used as an assessment of the effec-
tiveness of methods for constructing classifiers. The conditions for performing
numerical experiments and obtaining estimates of the reliability of the classification of
failure types are described in more detail below.

To carry out numerical experiments, we used the implementation of the algorithms
in the package of applied statistical analysis Statistics, as well as the author’s imple-
mentation of the data processing methods under consideration. To ensure the unifor-
mity of the conditions for conducting experiments, the settings of the methods were
chosen from the condition as close as possible to the execution time of the procedure
for constructing the corresponding classifier. To ensure the correctness of the estimates,
the methods were evaluated on a test sample extracted from the general sample. Par-
titioning of the total sample was carried out in a proportion of 80 by 20. Such
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repartitioning was carried out 10 times in accordance with the numerical experiment
scheme. Statistical differences in the results were evaluated using the ANOV A method
at a significance level of 0.05. The processed results of the numerical study for the
sample used to construct the classifiers (training sample) and the test sample of
methods are shown in Table 3.

Table 3. Result of numerical experiment.

Method of data analysis Reliability of failure classification (training sample/test
sample), %

Neural network 95.7/87.3

Linear discriminant analysis 51.6/43.4

Interactive tree 62.5/59.3

Stochastic gradient boosting 70.1/64.7

tree

MARSplines 47.2/41.6

The obtained results demonstrate the effectiveness neural network approach to
solve the problem of vibration data analysis. Other methods of data analysis showed
lower value of accuracy for the failure classification.

The accuracy of the resulting neural network model with multilayer perceptron
architecture is characterized by 5-6% classification error on the training data and
12-13% on the test data. To decreases the value of testing data error, obtained neural
network can be retrained with new input predictors.

The resulting neural network as an analyzer of data from vibration sensors, when
used in production, will work as follows. Neural network installed as a program in the
data analysis module for the process equipment monitoring system will convert the
values of the vibration characteristics received from the sensors and based on them
predict a possible type of failure or inform about normal operation.

In the future, in order for the neural network to be able to independently convert the
input data to average values and RMS, it is necessary to improve the program, which
we will further load into the data analysis module of complex reliability assurance and
control system.

4 Conclusion

The article presents the results of testing several classification methods to solve the
problem of recognition of defects in technological pumping equipment. A preliminary
analysis and preparation of data based on the results of assessing the sensitivity of the
approaches under consideration when processing vibration monitoring data from an oil
refinery was performed. The most significant vibration parameters for the considered
methods are determined, classification for their use as methods for determining the
types of failures of technological pumping equipment. It is shown that for the data
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considered in the article, the method based on artificial neural networks allows the
greatest efficiency. This method allows to ensure the reliability of defect determination
according to vibration monitoring data at the level of 87-95%. Such recognition
reliability values are acceptable for the implementation of the fault recognition module
as part of an integrated reliability system.

Given the complexity of the task, the resulting neural network model with the
architecture of a multilayer perceptron has an acceptable level of complexity. The
deployment of such a model can be provided with modern automation tools as part of
integrated computer-aided design systems for intelligent data analysis technologies.

In cases where the reliability of a single neural network model seems limited and
insufficient to solve a specific practical problem, it is proposed to further implement an
ensemble neural network approach. In the future, it is planned to test the method using
larger data on various types of technological equipment of oil and gas industries. The
result of the research to be the development of a highly effective decision support
platform while ensuring the reliability of production equipment in the framework of the
concept of cyber physical production systems.
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